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INTRODUCTION. 


eEKERAI.  VIEW  OF  THE  MATURE,  OBJECTS,  AMD  AI>> 
PLICATIONS  OP  CHEHI8TRT.  HI6T0RICAL  SKETCH 
OF  ITS  ORIGIN  AND  PROGRESS.  PRINCIPLES  OF 
CHEMICAL  ARRANOSMENT* 


THE  difierent  depiurtments  of  Phyfdcal  Science  have 
tdifttioQ«  HKxr^  or  less  mtmiate»  whence  it  become^ 
diflknlt  to  eatfiblish  their  respective  limits  with  perfect  pre- 
daion.  Still  there  are  certain  leading  characters  by  whi^h 
the  claases  of  phenomena,  which  it  is  their  object  to  io^ 
V8itigste>  may  he  discriminated^  and  the  sciences  themselvey 
sufficifliliy  denned* 

One  extiensive  dass  includes  the  phenomena  which  a^ 
riae  from  actions  exerted  between  masses  of  matter  at  ^xsa^ 
aObte,  and  often  at  immense  distances,  accompanied  in  ge- 
neral with  no  other  change  than  that  of  place,  and,  in 
partftcdlar,  not  ccmnected  with  any  alteration  in  the  proper^p 
liet  of  the  bodies  between  which  they  have  been  exerted^ 
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Actions  of  this  kind,  under  different  modifications,  consti" 
tute  the  various  branches  of  Mechanical  Philosophy. 
Astronomy  has  for  the  objects  of  its  inquiries,  the  move- 
ments of  the  heavenly  bodies*  Optics  studies  the  phenomcp* 
na  which  arise  from  the  motion  of  the  rays  of  light.  "To* 
Pneumatics  belongs  the  consideration  of  the  impulse,  pres- 
sure, and  resistance  of  elastic  fluids  :  and  under  Mecha- 
nics, in  the  extensive  sense  of  the  term,  is  placed  the  deter- 
mination of  the  efiects  of  the  same  forces  on  non-elastic 
fluids  and  solids.  In  all  of  these,  the  changes  which  are 
the  objects  of  investigation  are  the  results  of  sensible  mo- 
tions arising  from  ^he  operation  of  powers  which  act  ■  at 
p^ceptible  dis(;ances ;  they  are  therefore  c^pabl^  of  being 
determined  with  pr^isipn }  and  hence  a  leading  character 
of  these  sciences,  that  their  principles  can  be  established  on 
toiathematical  evidence. 

Another  class  of  actions  of  a  very  different  nature,  com- 
prises those  which  are  exerted  between  the  minute  {iaifti- 
cles  of  matter.  We  are  liable,  in  regarding  any  sold  body, 
to  consider  it  as  a  continuous  mass,  all  the  parts  of  which 
are  in  perfect  contact.  A  little  inquiry,  however,  is  suf- 
ficient to  convince  us  of  the  error  of  this  conclusion,  and 
to  prove  to  us  that  every  mass  of  matter,  even  in.  its  dens«> 
est  state,  is  composed  of  minute  particles,  which,  are  Hot 
in  contact;  but  are  only  retained  within  certain  distaiices 
by  a  peculiar  force.  We  sooii  discover,  too,,  that  this 
force  is  liable  to  be  variously  modified,  and  that  in  conse- 
quence of  this,  these  particles  are  capable  of  acting  dn  each 
other,  of  changing  their  relative  positions,  and  of  entering 
even  into  intimate  combinations.     Hence  arisies  an  extent 
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ces ;  it  thus  changes  their  formftSBd  qualities^  and,  when 
in  a  certain  degree  of  intensity,  subverts  the  combiuationf 
which  attraction  has  produced. .  Galyanism  is  pemspB  to 
be  regarded  as  ^  force  of  a  similar  kind,  or  rather  it  com* 
municates  to  the  particles  of  matter  both  attractive  and  . 
r^ulsive  powers,  whence  similar  jdlianges  of  oombixiation 
^ise. 

From  actions  so  extensive  and  important,  arise  changet 
in  the  structure  and  constitution  of  bodies,  connected  with 
many  of  the  ^  established  operaticois  of  nature,  or  capaUe 
of  being  adapted  to  purposes  of  utility,  constituting  various 
arts.  Of  these  applications  of  Chemistry,  a  fttll  developr 
ment,  even  under  a  general  point  of  view,  would  be  incom- 
patible with  the  limits  of  this  (Mreliminary  discourse ;  but 
a  few  examples  are  required  to  convey  a  just  idea  of  the 
extent  of  the  science,  and  of  the  interest  which  its  study  is 
<»lculated  to  excite. 

Ko  view  of  adjustment  in  the  economy  of  nature  is  more  . 
admirable  than  that  which  Chemistry  traces  with  regard 
to  the  temperature  of  the  globe,  th(9  sources,  of  its  varia<- 
tion^,  and  the  limits  within  which  these  are  restrained. 
That  degree  of  heat  whidi  is  necessary  to  sustain  the 
greater  number  of  natural  operations,  is  derived  from  the 
action  of  the  -solar  rays  on  the^surface  dT  the  earth ;  but 
from  the  mode  in  which  this  is  communicated,  it  is  neces- 
sarily unequal,  or  prevails  in  different  degrees  of  intensity 
at  different  seasons,  and  at  different  regions  of  the  earth ; 
and  did  not  certain  arrangements  exist,  this  inequaUty 
would  continue  progressive*   These  arrangements  €3iemis^ 
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of  the  earth,  the  disint^ation  it  occasions,  and  the  ultw 
mate  formation  of  soil ;  and  in  the  processes  of  animated 
existence,  particularly  in  sustaining  the  growth  of  plants, 
and  affording  the  principles  whence  their  products  are  form- 
ed. 

By  discovering  to  us,  that  the  substances  which  belong 
to  the  Mineral  Kingdom  are  compounds  of  certain  ele- 
ments. Chemistry  demonstrates  that  their  formation  must 
have  been  the  result  of  ch»>mical  combinations ;  and  the  ap- 
plication  of  its  principles  must  afford  the  explanation,  of 
those  arrangements,  which  the  observations  of  the  Geolo- 
gist, skilfully  generalized,  have  demonstrated  to  prevail 
in  the  structure  of  the  solid  parts  of  the  globQ.  And  it 
will  also  ultimately  give  the  only  sure  basis  on  which  the 
species  of  minerals  are  established  and  arranged. 

We  can  trace  the  predominance  of  chemical  action,  not 
less  in  the  processes  of  animated  nature,  though  these,  firom 
their  obscurity  and  complication,  are  more  difficult  of  elu- 
cidation. In  vegetation  we  discover  a  series  of  operations, 
in  which  the  principles  conveyed  to  the  growing  plant  are 
brought  into  new  combinations,  so  as  to  form  its  diversified 
products :  some  of  the  chemical  agencies  connected  with  it 
have  been  ah'eady  successfully  investigated ;  and  in  the  pro- 
gress of  the  science  we  may,  without  any  undue  confidence, 
predict  its  full  development,  as.  a  result  of  chemical  affinities, 
modified  by  the  circumstances  under  which  they  are  ex- 
erted. The  chemical  processes  of  the  Animal  System  are 
still  more  complicated  and  more  dependent  on,  or  at  least 
more  intimately  connected  with,  the  peculiar  laws  of  vitali- 
ty ;  yet  even  in  these,  Chemistry  has  discovered  a  number 
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This  inipa|Uuit  department  of  FfayBical  Science  is  ako* 
gether  of  modem  otigiiu  It  had  no  plao^  in  die  systeni 
of  Anccrat  Philosophy ;  and  ihough  arts  were  pradtised 
from  the  most  remote  antiquity^  die  processfes  of  which  are 
dep^dent  on  chemical  actions^  die  rdatioDfl  of  these  yirere 
never  discov^ed^  and  their  principles  remained  tmimown. 

Its  origin  is  to  be  traced  tx>  a  singular  pursuit  which 
commetaK^  towards  die  decline  of  literature,  and  which 
continued  for  many  ages  to  be^fbUowed  with  unabated  ar- 
dour,— ^that  of  die  art  of  transmutation,  or  «f  ooaveiting 
die  baser  metals  into  silver  or  gold.  Iji  die  proanmtioB 
ef  these  ddusive  researches,  ofoservationB  were  necessarily 
made  on  die  changes  produced  by  die  mutoal  chemkal  ac- 
tions embodies,  and  these  formed  die  base  oa  which  the 
science  of  Cli^mistry  has  been  gradually  resated^ 

The  date  of  the  rise  of  Alcb^ny^  ats  this  pretended  art 
of  transmutation  was  named>  is  not  e^kody  known.  It  has 
been  traced  to  the  fifth,  the  fourth,  or  even  to  die  diird 
century^  but  there  is  every  reason  to  doiribtof  theatsthen^ 
ticity  of  the  authorities  csi  whidi  it  has  be^i  referred  to 
these  early  pmods.  .  Towards  the  riose  of  tiie  fifdi  cei>- 
tury,  some  progress  appears,  howler,  to  hav^  been  made 
in  chemical,  or  radier  alchemical  investig^ti^ons.    Aaoaonf 
die  ^rdbians,  w1k>  had  received  the  science  and  literactor 
of  the  Greek  Empire,  the  study  of  alchemy  was  eagert 
prosecuted ;  and  transferred  to  Eurc^e,  it  continued  am 
the  darkness  of  the  middle  ages,  and  even  to  a  later 
riod,  to  delude  and  mislead  those  who  endeavoured  t 
netrate  the  mysteries  of  nature.    The  ultimate  fiulu 
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Beecher  sought  to,  anticipate  what  is  the  final  object  of  che* 
xiical  investigations,  and  what  will  only  be  attained  whc^ 
these  have  reached  perfection, — ^the  determination  of , the 
elements  from  the  combination  of  which  all  the  existing 
varieties  of  matter  are  formed :  and  Stahl,  adopting  in  part 
his  views,  but  limiting  his  speculations  to  the  cqieration 
tione  principle,  that  to  which  the  property  of  communi- 
cating inflammability  was  ascribed,  framed  an  hypothesis 
so  extensive  in  its  chemical  relations,  as  to  have  been  re- 
garded at  one  time  as  a  general  system  of  the  science,  and 
so  well  constructed  as  to  have  commanded  unlimited  a^ 
sent. 

The  process  of  Combustion  is  of  primary  importance 
in  Chemistry,  not  only  from  the  striking  phenomena  it 
displays,  but  from  its  affording  in  some  measure  a  division 
of  bodies  founded  on  chemical  relations,  and  from  giving 
origin  to  so«e  of  the  most  important  chemical  agents. 
Changes  analogous  to  those  which  occur  in  this  process, 
are  likewise  produced  by  the  operation  of  thete  agents ; 
and  thus,  whatever  theory  is  framed  of  combustion  itseli^ 
is  fartlier  extended,  and  is  indeed  capable  of  being,  more 
or  less  remotely  connected  with  nearly  the  greater  num- 
ber of  chemical  phenomena.  Stahl  supposed  the  existence 
of  a  common  principle.  Phlogiston,  as  he  named  it,  in  in- 
flammable bodies :  its  disengagement,  under  the  form  of 
heat  and  h'ght,  constituted,  he  imagined,  the  process  of 
burning :  its  escape  gave  rise  to  the  change  of  properties, 
and  particularly  to  the  loss  of  inflammability,  which  the 
body  suffering  combustion  always  sustains :  its  communi- 
cation again  to  the  burnt  body  restores  its  original  quali-r 


1^  INTRODUCTION. 

He  traced  the  chemical  agencies  of  this  principle,  and 
framed  a  system  seducing  by  its  simplicity,  resting  appa> 
Tently  on  a  just  induction,  supported  by  experiments  dis- 
tinguished by  precision,  and  which,  after  a  short  period 
of  animated  discussion,  was  universally  received. 

At  the  dose  of  this  period.  Chemistry,  it  was  imagined^ 
had  nearly  attained  perfection,  or  at  least  it  was  supposed 
that  little  more  than  insulated  facts  remained  to  be  made 
known.  A  short  time  has  been  sufficient  to  demonstrate 
the  narrowness  of  these  views.  The  laws  of  chemical  affi- 
nity,  which  had  been  regarded  as  estal^shed  by  Bergman, 
have  been  materially  modified  by  the  researches  of  Ber- 
thollet  5  views  altogether  novel  have  been  presented,  tmd 
the  theory  of  chemical  action  rendered  more  precise  in  its 
minute  details.  And  the  acquisition  of  a  new  iiistrument 
of  chemical  analysis,  in  the  power  of  Galvanism,  has  alrear' 
dy,  in  the  discoveries  of  Davy,  subverted  or  rendered  J 
doubtful  much  of  the  established  system,  and  opens  a  ca^ 
reer  of  investigation,  the  limits  of  which  no  imagination 
can  define.  The  science  is  probably  only  in  its  infency  : 
it  is  at  least  far  distant  from  that  maturity,  if  this  shall 
ever  be  reached,  when  its  ultimate  object  shall  be.attained, 
^hen  the  real  elements  of  bodies  shall  have  been  detected, 
ftnd  all  their  modifications  traced  :  we  know  nothing  of  its 
Teal  extent  5  nor  can  we,  from  our  present  knowledge,  form 
any  just  conception  of  the  stages  of  discovery  through 
trhich  it  has  to  pass. 
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isimple  5  they  are  characterized  by  their  most  strikmg  pros-' 
perties,  and  their  combinations  are  investigated. 

.  Now  it  is  obvious,  that  in  forming  a  system  of  chemical 
classification,  we  may,  following  the  synthetic  mode,  b»^ 
smne  these  simple  substances  as  the  basis  of  the  arrange- 
ment, and  place  their  compounds  in  a  determinate  order, 
according  to  their  composition.  Or  we  may  Mow  die  re^ 
verse  method :  we  may  arrange  the  substances,  which  are 
presented  to  us  by  nature,  into  orders  founded  on  analo* 
gies  in  chemical  properties  ^  and  from  the  history  of  such 
of  them  as  are  compounds,  we  may  follow  the  results^  of 
analysis,  and  proceed  to  the  history  of  their  more  simple 
principles. 

Since  the  establishment  of  the  system  of  Modem  Che^ 
mistry,  Chemists  have  in  general  given  the  preference  t» 
the  firsi  of  these,  the  synthetic  mode  of  classification. 
There  is  undoubtedly  some  advantage  in  placing  the  sim- 
ple substances  before  the  compounds  which  they  form,  and 
dassifications  on  this  principle  have  a  more  scientific 
form. 

Had  Chemistry  attained  maturity,  a  perfect  synthetic 
arrangement  might  be  constructed,  which  might  also  per- 
haps be  best  adapted  to  display  the  relations  of  the 
science.  But  while  it  continues  progressive,  this  must  be 
attended  with  such  difficidties  as  to  justify  the  adoption  of 
the  opposite  method. 

The  radical  imperfection  of  any  arrangement  in  which 
certain  substances  assumed  as  simple  form  the  basis  of  the 
^tem  is,  that  the  simplicity  of  these  substances  can  never 
be  demonstrated)  and  that  the  progress  of  the  science  ge^ 
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Ss  camedj  the  ultimate  princqplea  which  are  dlscorerdl 
are  more  remote  from  the  nattural  bodies  at  which  tlie 
analy»s  has  eoimneuced.  The  present  state  of  Chemistiyy 
were  it  necessary  to  enlarge  on  this  subgect^  affords  ampk 
proof  of  the  justness  of  these  obeenrations ;  ilie  oompoai- 
tion  of  a  number  of  substances^  regarded  as  simple^  haring 
been  very  recently  established/ and  their  principfes  being 
substances  liefore  unlaiown>  and  which  are  ci^aUe  of  hep 
ing.  discovered  only  by  difficult  and  refined  modes  of  u»» 
¥estigation» 

For  the  reasons  now  stated^  it  has  i^ipeared  to  me  pre* 
ferable  to  relinquish  the  strictly  synthetic  mode  of  tofi- 
rangementj  and  to  adopt  one  the  reverse ;  to  tali;^  sub- 
stances as  they  are  presented  to  us  by.  nature,  class  them 
from  analogies  in  their  diemicalprc^rties,  and  thus  form 
natural  orders,  the  distinctions.  ')f  which  the  progress  of 
the  science  will  not  subvert  From  these  w^  may  fxn> 
coed,  under  each  of  them,  to  the  history  of  their  elem^ents^ 
so  &r  as  the  analysis  has  been  carried,  and  thus  the  be* 
ginner  of  the  study  is  led,  by  the  most  natural  method^ 
from  what  is  known  to  what  is  unknown,  and  can  ^ow 
more  distinctly  all  the  steps  of  the  investigation.  In  coim 
Ibrmity  to  these  views,  the  arrangemeut  presented  in  the ' 
ioUowipg  table  is  farmed*     i 
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PART  L 


OF  THE  GENERAL  FORCES  PRODUCTIVE  OF 
CHEMICAL  PHENOMENA.    . 


^|iHE  powers  which  opei'ate  in  producing  ch^nical  ao- 
-^  lion,  are  that  species  of  attraction  which  is  exerted 
at  insensible  distances  between  the  particles  of  matter, 
causing  tli^n  to  pass  into  new  arrangements  and  new 
eombinationsy  and  certain  forces  of  repulsion^  by  which 
this  attraction  is  counteractedi  and  these  arrangements 
and  combinations  are  modified  or  subverted.  In  proceed- 
ing to  the  consideration  of  these  general  forces,  the  most 
natural  method  appears  to  be  to  place  first  the  doctrines 
of  attraction,  and  after  these  to  consider  the  operation  of 
its  antagonist  powers. 

There  is  some  difficulty,  it  must  be  admitted,  in  con- 
sidering the  general,  doctrines  of  Chemistry  before  its  par- 
ticular details  j  for  as  these  doctrines  are  inferred  by  gene- 
ralization from  individual  facts,  the  former  cannot  be 
thoroughly  understood,  or  their  evidence  clearly  per- 
ceived, while  the  latter  are  unknown.  Hence  some  Che- 
?iists  have  proposed  to  reverse  this  method.    But  the  dif- 
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ficulty  is  in  reality  one  unavoidable  in  either  mode  of  aT" 
rangement ;  for  it  is  equally  impossible  to  give  the  chemi-' 
cal  history  of  a  single  substance,  without  supposing  a  pre- 
vious knowledge  of  the  general  phenomena  and  laws  of 
chemical  combination.  In  balancing  the  advantages  of 
these  methods>  the  first,  it  appears  to  me,  will  still  daim 
the  preference.  It  is  possible  to  illustrate  the  general  laws 
of  chemical  action  by.  examples  fi'om  substances  fiuniliarly 
known,  or  which,  though  unknown,  are  equally  adapted 
to  convey  illustrations  of  abstract  truths ;  and  these  laws^ 
being  established,  they  may  be  developed  a^d  explained 
more  minutely  from  the  mutual  actions  of  individual  sub- 
stances, while  the  history  of  these  substances  is  given  with 
'more  advantage,  and  can  be  rendered  more  complete, 
when  the  general  doctrines  have  been  previously  deliver- 
ed. There  can  scarcely  be  a  heavier  task,  or  one  more 
calculated  to  damp  the  ardour  of  study,  than  to  have  to 
acquire  the  insulated  facts  of  a  science,  unenlightened  by 
any  knowledge  of  the  principles  which  unfold  their  rela^^ 
tions. 


OP  ATTRACtlON.  9S 


BOOK  L 


OF  ATTKACTION. 


Attractiok  is  a.*  term  employed  in  philosophical  lan^ 
guage  to  denote  that  power  or  force  by  which  the  masseift 
Of  partides  of  matter  have  a  tendency  to  approach  to  each 
other,  and  to  enter  iato  more  or  less  intimate  contact  or 
union.  Different  species  of  attraction  have  been  obserr 
ved)  which  give  rise  to  difierent  phenomena,  and  operate, 
so  far  as  can  be  traced,  according  to  different  laws. 

The  attraction  of  gravitation  is  exerted  at  sensible,  and 
often  at  inftnense  distances,  and  between  masses  of  the 
greatest  size :  its  force,  according  to  the  law  demonstrated 
by  Newton,  being  directly  as  the  mass  or  quantity  of  mat- 
ter, and  inversely  as  the  square  of  the  distance.  The 
magnetic  and  electric  attractions,  though  th'ey  give  rise  to 
peculiar  classes  of  phoiomena,  so  fiu*  coincide  with  the  at^ 
traction  of  gravity,  as  to  operate  at  sensible  distances,  and 
on  masses  of  matter,  and  even,  as  has  been  attempted  to 
be  demonstrated,  accordiag  to  the  same  law. 

Besides  these,  a  species  of  attraction  is  exerted  between 
theiparticles  of  matter,  and  at  distances  generally  insensi*^ 
Ue.  This  force,  when  exerted  between  particles  of  the 
same  kind,  is  named  the,  Attraction  of  Aggregation  or 
Gohc»on :  when  exerted  between  particles  of  diffei:«Dt 
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kinds,  it  is  denominated  Chemical  Attraction,  or  Chemi- 
cal Affinity.  Both  are  concerned  in  the  production  of 
chemical  phenomena,  and  the  latter  is  the  fprce  on  which 
all  the  combinations  of  matter  depend. 

Both  have  been  supposed  to  be  ultimately  the  same  power; 
the  differences  in  the  results  of  their  operation  being  re- 
ferred with  much  probability  to  the  difference  of  the  par- 
ticles on  which  they  operate ;  aggregation  uniting  particles 
of  a  similar  kind,  and  therefore  producing,  in  eadbi.Qasef 
an  a^regate  possessed  of  similar  properties  ;  while  cdi^iur 
cal  attraction,  combining  particles  of  different  kinds,  must 
give  rise  to  products  in  which  some  modifications  of  pro- 
perties must  be  the  result.  It  has  even  been  contended^ 
that  both  of  these  are  only  modifications  of  that  more  ge- 
neral force  which  is  exerted  at  sensible  distances  between 
the  masses  of  matter  ;  and  the'  apparent  differences  in  the 
laws  which  regulate  their  action  from  those  which  gravi- 
tation observes,  have  been  ascribed  to  circumstances, 
which,  in  the  one  Case,  operate  powerfully,  while  in  the 
other  they  can  have  little  effect.  In  the  operation  of  con* 
tiguous  attractions,  the  figures  of  the  paiticles  of  bodies 
must,  it  has  been  conceived,  have  an  important. influence; 
while  the  figures  of  masses  of  matter,  operated  on  at  great 
distances,  can  give  rise  to  no  appreciable  result  ^^  Con^ 
sidering  the  vast  distance,"  says  Bergman,  "  we  may  ne- 
glect the  diameters,  and  look  upon  the  heavenly  bodies,  in 
most  cases,  as  gravitating  points.  But  contigiKHis  bodies 
are  to  be  regarded  in  a  very  different  light ;  for  the  figure 
and  sitnaticai,  not  of  the  whole  only,  but  of  the  parts,  pro- 
dVK:e  a  great  variaticm  m  the  effects  of  attraction.  Hence 
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j^pa&titieBy  which  in  distant  attractions  might  be  neglect^ 
fd,  modify  the  kws  of  contiguous  attraction  in  a  consider** 
able  d^ree." 

Tliis  question  is  one  which  we  scarcely  can  determme, 
since  we  are  unable  to  estimate  the  force  of  those  modify- 
ing circumstances  which  may  exist ;  and  the  laws  by 
which  these  attractions  act,  instead  of  being  deduced  from 
any  assumption  of  the  law  of  gravitation,  must  in  the  pre- 
sent state  of  the  science  be  inferred  from  obserration  and 
coqieriflMmt. 


CHAP.  L 


OF  THE  ATTBACTIOH  DP  AGGBEaATION  OB  COHESIOK. 

AooBsaATiON  has  been  definedi  that  power  which  un- 
ites particles  of  a  similar  kind.  We  perceive  its  action 
exemplified  in  a  solid  mass  of  matter,  the  parts  of  whidt 
cohere  with  a  certain  force,  which  resists  any  mechanical 
action  that  would  produce  their  separation,^  and  which,  in 
different  bodies,  is  exerted  with  very  different  degrees  of 
strength.  In  liquids  it  appears  to  be  weaker,  or  the  parts 
are  disjoined  with  much  more  facility :  and  in  substances 
existing  in  the  aerial  form  it  is  entirety  overcome,  the  par- 
tides,  instead  of  attracting,  repelling  each  other.  Bodies 
exist  tbertfore  in  ^Skt  solid,  the  liquid,  and  the  aeriform 
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state,  according  to  the  force  with  which  the  attraction  of 
aggregation  is  exerted  between  their  particles,  and  it  is 
this  attraction  which  unites  these  particles  together* 

Aggregation  in  bodies  is  weakened  or  Overcome  by  two 
causes;  by  the  repulsion  communicated  by  heat,  or  by 
the  attraction  whidi  may  be  exerted  by  the  particles  of 
one  body  to  those  of  another. 

Heat  communicated  to  a  solid  body  separates  its  par- 
ticles to  greater  distances,  as  is  evidept  from  the  ailarge* 
ment  of  volume  which  it  produces.  By  thus  increasiiig 
the  distances,  the  force  with  which  the  attraction  of  ag- 
gregation is  exerted,  is  weakened :  if  the  application  of 
heat  be  carried  to  a  sufficient  ext^it,  it  is  so  far  weakened 
that  the  body  passes  into  the  liquid  form ;  and  if  carried 
still  farther,  the  attractive  force  is  entirely  overcome,  re- 
pulsion.is  established  bietween  the  particles,  and  the  body 
passes  into  the  aeriform  state. 

The  same  effects  are  produced  by  the  exertion  of  that 
attraction  which  unites  the  particles  of  one  body  with  those 
of  anoth^.  If  a  liquid,  for  example,  is  poured  on  a  solid 
substance,  it  often  happens  that  the  attraction  exerted  by 
the  liquid  to  the  solid  is  sufficiently  powerful  to  subvert  the 
cohesion  of  the  solid ;  its  particles  axe  disunited  to  combine 
with  those  of  the  liquid,  the  solid  diminishes  in  size,  and 
at  length  entirely  disappears.  This  forms  the  chemical 
process  of  Solution.  A  similar  effect  is  sometimes  produ- 
ced by  the  chemical  actioti  of  an  aeriform  fluid ;  and  in 
some  cases  the  mutual  attraction,  even  of  two  solids,  is 
such  as  to  diminish  the  power  of  cohesion  so  far  as  to  0dr 
flCiit  <^  their  union)  and  their  transition  to  a  liquid  /state^ 
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we  have  examplea  in  ice^  which  shoots  in  long  dendercry* 
8talsi  when  water  is  cooled  to  a  sufficient  extent^  and  alsa 
in  a  number  of  the  metals  which  have  been  melted,  and 
then  subjected  to  slow  cooling.  Qi^  the  second  we  hmfm 
examples  in  many  saline  substances,  which,  when  they 
have  been  dissolved  in  water,  concrete  in  crystals,  wh&Bi 
part  of  thai  water  has  been  withdrawn  by  evaporation,  or 
when  its  solvent  power  is  diminished  by  a  reduction  of  iti 
temperature.  In  any  of  these  cases,  if  the  operation  is 
conducted  slowly,  so  as  to  admit  of  the  particles  linitifig 
by  those  sides  most  disposed  to  imion,  crystals  are  formed 
and  these  are  in  general  larger,  more  transparent,  an^ 
more  regular  in  their  form,  the  slower  the  crystaUizatiqn 
has  been  allowed  to  proceed. 

The  production  of  these  regular  forms  is  favoured  fay 
affording  a  nucleus,  from  which  the  crystallization  may 
commence  $  and  still  more  so,  if  this  nucleus  is  of  the  sam^ 
matter  as  tKe  substanae  to  be  crystallized,  and  is  of  a  re* 
gular  figure :  and  on  this  is  founded  a  method  of  produiC»> 
ing  crystals  of  great  regularity,  and  of  large  size* 

Th^  access  of  the  air  has  likewise  an  influence  on  ery«- 
stallization  j  a  solution  of  a  salt,  for  exan^le,  which  ha^ 
been  inclosed  while  hot  in  a  vessel,  from  which  the  ajr 
has  been  in  a  great  measure  expelled,  not  cr3rstallizing 
when  cold,  but  shooting  into  a  congeries  of  crystals,  tbe 
moment  the  air  is  admitted.  The  sudden  admission  {)f 
the  air  appears  to  operate  by  the  pressure  it  exerts  on  %hfi 
sur£suce  of  the  liquor,  (fusing  the  approximation  of  the 
particles  of  the  dissolved  solid,  whence  theexertion  of  ihf 
attractian  of  cohesion  is.  ^youred }  and  hmoe  any  e^?fir 
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Wt  preMure  i^lied  in  »  similar  manner  lus  the  gaiae  e£i 

feet 

'  In  diia  niddeD  crjnUlUzation,  i«  very  well  dl^ilayed  a. 

pliaioiQ^«Q,  which  always  attends  this  process,  the  evo- 

latioD  of  heat. 

Ab  enl&rgeinent  of  voluine  is  often  produced  by  cry- 
itillizadoa,  aa  in  the  example  of  ice,  of  several  metal*^ 
sod  of  a  number  of  salts ;  while,  in  other  cases,  the  rsr 
nne  is  the  case,  the  v6hime  of  the  crystallized  substance 
bong  Imb  than  while  it  existed  in  the  liquid  state. 

Ciystali  foisted  irom  a  wateiy  solution,  generally  retain 
%  portion  of  water  in  a  combined  stale.  This  is  named 
thdr  wBt«r  of  crystftlUzotion  :  when  deprived  of  it,  they 
lose  their  transparency  and  density.  Some  pert  with  it 
bem  m^ce  exposore  to  the  air,  and  suffer  these  changes: 
they  are  then  said  to  effloresce :  if  they  attract  water  and 
Woms  htonid,  they  are  said  to  deliquesce ;  but  these 
Im^ieities  of  effloresc«ice  and  detiqucscence  are  reh^ 
five,  and  depend  much  on  the  state  of  the  atmosphere  with 
regard  te  homidity. 

By  the  process  of  crystallization,  substances  may  often 
be  obUined  separate  which  exist  in  the  same  sohition.  If 
«ne  is  leas  sohiUe  than  the  other,  it  wiQ  after  a  certaui 
ortoif  of  eTapOTatJ<Hi  crystallize,  while  the  other  remain* 
disBslved,  and  may  be  obtained  "by  a  subsequent  ev^>onb- 
ti(H) :  C^,  if  otte  is  more  sohible  in  hot  tiion  in  cold  water, 
while  the  other  is  nearly  equ^y  soluble  in  either  state, 
the  MK  inQ  '\te  obtained  by  crystallization  when  the  lujuar 
has  co^ed,  wliile  die  other,  v^ken  the  necessary  d^ee  of 
«ni|>orfttieB  ia»  taken  {4aoe,  may  «q>antte  while  the  ai^ 
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tion  is  hot.  The  mutual  attraction  of  substances  diasdt 
ved  together,  sometimes,  however,  counteracts  their  crjM 
stalUzation,  or  causes  each  to  crystallize  with  some  inteiD- 
mixture  of  the  other ;  and  this,  too,  alters  the  crystalline 
forms  which  either  is  disposed  to  assume. 

Crystallization  sometimes  takes  place  in  the  transition 
from  the  aerial  form,  as  is  well  exemplified  in  the  arrange^ 
ment  of  a  flake  of  snow. 

.  Every  substance  in  crystallizing  is  disposed  to  assume  a 
eertain  regular  figure ;  sea  salt,  for  example,  assumes  the 
form  of  a  cube ;  nitre,  that  of  a  prism.  This  figure,  how- 
ever, is  not  invariable,  but  is  liable  to  be  modified  by 
circumstances,  and  the  same  substance  is  ther^re  found 
under  different  crystalline  forms. 

The  theory  of  crystallization  is  still  obscure.  The  paiy 
deles  of  bodies  may  be  of  certain  regular  figures,  and  in 
imiting,  these  particles  may  be  disposed  to  aj^roach  bj 
eertain  sides  in  preference  to  others,  probably  by  those 
which  admit  of  the  most  extensive  contact.  H^ice  a  re^ 
gular  structure  and  figure,  uniform  with  regard  to  each 
substance,  may  be  produced. 

'  The  mechanical  structure  of  crystals  has  be^oi  investi^ 
gated  with  much  labour  by  Haiiy.  He  has  shewn  that  us 
every  crystallized  substance,  whatever  may  be  its  actual 
form,  there  is  a  nucleus  of  a  determinate  figure,  and  whidbi^ 
by  mechaoical  analysis,  that  is,  by  splitting  the  actui^l 
crystal  according  to  its  natural  joinings,  may  be  extracted^ 
This  nucleus  or  primitive  form,  he  has  shewn,  is  omstant 
with  regard  to  each  substance,  however  various  the  actual 
forms  of  its  crystals  may  be ;  and  he  has  farther  explaia- 
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ed)  hoW|  by  additions  of  partides  to  this  nucleusf  accord- 
11%  to  certain  laws,  these  secondary  forms  may  be  produ- 
ced. The  derdiqraient  of  this  theory,  however,  requir- 
ing extensiye  detaib,  and  bein^  not  strictly  elementary,  I 
volj  refer  fi|p  the  statement  of  it  to  my  Systan  of  Che* 
HMtiy, 


CHAP.  IL 

OF  CHEMICAL  ATTRACTION  OR  AFFINITY. 

.  Chemical  attraction  is  that  force  by  which  the  particles 
of  di£ferent  bodies  are  united  intimately,  forming  iH>t  a 
ffiere  aggregate  or  mixture,  but  a  substance  in  which  new 
fttfities  are  acquired,  the.  properties  of  the  bodies  com* 
bined  being  more  or  less  changed.  The  term  affinity  has 
been  used  to  denote  the  same  power,  from  an  opinion, 
that  some  peculiar  relation  or  resemblance  exists  between 
those  bodies,  which  are  most  disposed  to  exert  this  mu- 
tudattractiTeforcej  and  the  term,  though  derived  from  • 
groundless  hypothesis,  may,  without  any  reference  to  its 
origin,  be  convenientiy  used  as  synonymous  with  chemical 
attraction. 

The  immediate  result  of  the  exertion  of  chemical  at- 
traction  between  two  bbdies,  is  the  intimate  union  or  asd- 
milation  of  tiieir  particles,  so  as  to  form  a  homogenecMis 

Vol.  I.  C 
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QiQ^ss.  This  result  i»  in  chemical  langpfige  luusi^  C^?tN 
iinqfion.  (t  is  to  be  distinguished  from  4^>^f^^,  i^n  "^^u^ 
ijaj^  pATtidesy  however  intimately  th^  jfap.y  be.  l)len(jbedf 
i|till  e3^st  aparty  so  that  they  are  capable  of  beii^;Fecogr 
IU8e<i>  aad  of  being  separated  by  mechaoical  <q{Kar{^ji(^fi 
and  retain  their  properties  unimpaired.  It  is  also  to  \^ 
distinguished  from  Aggregation^  which  is  only  the  union 
of  particles  of  a  similar  kind,  forming  an  aggregate  which 
has  the  general  properties  of  the  particles  of  which  it  is 
composed^  whatever  may  be  its  mechanical  structure  or' 
form. 

The  substance  formed  by    chemical  combination   is, 

0 

named  a  Compound :  the  substances  of  which  it  is  com- 
posed  are  its  Component  or  Constituent  Parts  or  Princir 
pies.  When  these  are  separated  from  their  state  of  com- 
binatioq>  the  process  is  named  Decampasitiwu  if  deciim- 
position  has  be^i  performed  more  peculiarly  with  the 
view  of  discovering  the  composition  of  a  body)  it  is  named 
Chemical  Jbialysis.  If  the  decomposed  substance  is  rquvK 
ducedby  the  union  of  its  constituent  parts,  tlie  operation 
is  denominated  Chemical  S^thesis*  The  Integrant  patti* 
des,tjS9i  body  are  understood  to  be  the  most  minute  piurCtf 
into  which  it  can  be  resolved  without  decomposition ;  they 
lire  of  course  similar  to  each  other,  apd  to  the  substanee 
wiiich  ihey  fonn.  The  Constituent  paHichs^  again,  are 
ihc^e  into  which  it  is  resolved  by  decomposition,  which 
are  therefore  of  a  different  nature,  both  with  regaid  ta 
the  substance  itseit^  and  with  regard  to  each  other.  It  is 
between  these  that  chemical  atti^attion  is  ^ertedy  whik 
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aggregati<m  is  conceived  to  be  exerted  between  the  int^ 
grant  particles  of  bodies. 

The  theory  of  chemical  attraction  is  still  far  froln  ha^ 
fiiig  attained  perfection,  though  it  has  been  the  subgect  ef 
much  inveeligation.  Newton,  as  ha»  been  already  stated, 
suggested  the  idea,  that  the  phenomena  of  chemical  oom- 
bmation  and  decomposition  might  be  owing  to  an  attrac- 
tion verted  between  the  particles  of  bodies,  and  raryii^ 
in  its  force.  This  view  was  soon  adopted  by  chemists; 
Hie  elder  Geoffiroy  endeavoured  to  ascertain  the  rdadve 
degrees  of  str^igth  with  which  attraction  is  exerted  ai^ 
auAig  bodies,  and  gave  the  results  und^  the  form  of  a  tar 
ble*  The  subject  continued  to  be  prosecuted,  until  anum^ 
ber  of  observcUions  more  or  less  exact  were  accmndiated^ 
whi<^  Bergman  reviewed,  and  placed  in  a  clearer  light* 
And  more  recently  Berthollet  has  by  his  researches  ex- 
tended the  theory  of  affinities,  and  presented  views  with 
regard  to  it  extremely  important,  and  Very  different  from 
•  Ibose  which  hod  been  considered  as  established. 

fVom  these  preliminaiy  obaexvations  and  definitions, 
we  may  proceed  to  the  more  fiill  statement  of  the  doctrines 
of  chemical  attraction,  generalizing  these  as  far  as  the 
present  state  of  oui^  knowledge  admits. 


C2 
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Sect.  h^^()fthe  Phenomena  which  arise  Jhm  ike  ejeertkm 

of  Chemical  AUraction*        ^ 

The  immediate  r^ult  of  the  exertion  of  jchemical  ai^ 
tracticm  between  bodies^  is  their  intimate  union  or  comr 
binatiouy  and  the  most  general  phenomenon  attending 
this  combination  is  a  change  in  the  properties  of  the  bo- 
dies combined*  The  secondary  qualities  of  bodies^  de- 
pending on  the  peculiar  arrangements  of  their  particlesi  it 
is  easy  to  c<mceiv.e  tfiat  when  these  arrangements  are  sub* 
▼ert^y  the  properties  must  be  altered,  and  that  in  the 
formation  of  a  new  substance  new  qualities  must  be  ac- 
quired. 

Chemical  combination  is  accordingly,  in  general^  at* 
tended  with  very  striking  changes  of  properties  $  so  strik- 
ing, indeed,  that  we  can  seldom  infer  with  certainty,  fixmi 
our  knowledge  of  the  properties  of  any  body,  what  will  be 
the  properties  of  the  compound  it  forms  when  united  with 
another. 

Still  the  entire  change  of  properties  from  combinaticm, 
is  not  an  invariable  result.  There  are  many  cases  in 
which  they  are  only  modified;  and  in  some  cases,  as  for 
example  in  the  combinations  of  salts  with  water,  so  slight* 
ly  so,  that  there  is  scarcely  any  evident  change,  but  change 
of  form* 

BerthoUet  has  proposed  a  view  of  this  subject,  which  in 
some  measure  reconciles  these  apparently  opposite  results. 
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tion  of  ffiodjQwg  cir^  AjaAi^die^elim.iMk 

whioh  in  geaerdl  n/^  be  foiind  to  hold  tnie»  tbat  wbttre 
^ocqrg^tic  hffinitiei  are  exertedf  or  ;wliere  snfatlailoei  hann|p 
cq^pos^g  {NTopertieB isre  coknbined, , the propcvtia  wtiLfaa 
psljieididly:  cha2iged.; .  but  where  die.  affioily  ».  not  pcrwei^ 
fiil^  aild  thclrefore  the  combinatton  not  verjr  mtifoattf  tor. 
where  the.  «u}>stanc^  combined  are  sndi  ae  agree  ihlMi 
g^ti^eral  assemblage  of  their  qualities)  the  properdfii  «Cl3i» 
coBoqpound  will  hot  be  very  remote  from  dioae  of  its  moD* 
active  inffredieiit,  or  from  the  mean  of  those  of  its  coBsii^ 
tuent  parts.  Even  in  very  intimate  i^ombinatkins^  ifsean 
oftai  trace  the  properties  of  compdands  £rioia  diose'iof 
their  component  ports ji  as^  fbresample,  tfaeh^n^fincsthre 
po#er  of  watery  from  its  inflrtMitinhle  ingFedient^«4ita  jpn^, 
periy.  which  led'  Newton  to  his  singulaify  acuta  cofo^b^ 
wei  diatit  contains  an  ingredient  of  thd;  nature.  JUie 
comparative  volatility  Of  compound  salts,  which  are  ferm* 
edcrf'^  priiiciplei^  disposed  to  assume  the  tiasticforti,  a£^ 
fiirds  a  similar  eiLample. 

. '  lit  tiiose  combinations  in  which  the  dianges  of  proper-* 
ties  are  least  considerable,  th^re  is  generally  one  chainge 
to  be  discovered  to  a  greater  or  less  extent,  and  whidh  may 
even  be  regarded  as  a  test  of  chemibal  union,**^  change  of 
density,  the  density  of  the  compound  never  bang  the 
mean  of  tfao  idensities  of  ks  compcment  parts.  In  th^ 
greater  nitinber  of  cases  the  density  is  augmented,  and 
somedmes  to  a  great  e&tent.  In  other  cases,  however,  it  is 
diimni^ed,  or  the  volume  is  enlarged. 
-  As  in  diemical  combination  the  particles  of  two  bodies 
are  made  to  approximate^  we  might  expect  tiilat  cotiden- 
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intidh  ihAild  Ise  ahvtiys  the  teslalt ;  and  it  h  Hot  tety  bb^ 
vioos  how  enlargement  of  volume  should  sometimeis  be 
prodciedl.  BerttioHet  has  very  well  explained  iJiw.  The 
inundate  efifect  of  coimbUiation  fe  in  every  case  tottdehte-« 
tkm ;  bdt  If  the  cGh*€*juencfe  bf  the  combination  is>  that  one 
of  Ae  bodies  changes  its  fonn  from  the  solid  to  the  litpiid; 
tke  i^irgtfment  of  vofcmie  which  attends  this  change  -of 
htm  rakf  tAor^  than  -cbUnterbftlarice  the  (totidensatidil 
fMa  Ate  cbinbination  \  and  henc6>  on  the  wlfolej  dlminti- 
tkto  bf  ^fehrflj'  ^^  be  the  result.  It  is  uccofdTn^y  in 
c»sei'df^)titi6ny  or  where  a  solid  body  is  acted  oii  By  k 
lix^Af  so  is  to- be  blwtight  intd  the  liquid  state,  that  the 
Ssxeptiohs  to  Ae  toore  geht&ral  law  are  observted.  It  ttiust 
be  added,  however,  that  they  are  not  altogether  confined 
to  these,  but  that  sometimes  there  is  enlargement  of  Tob 
hme,  even  when  the  compound  exists  in  the  solid  stiate, 
as  iif  lih^  combinations  of  some  of  the  metals.  When  this 
happens,  it  is  probably  from  a  crystalline  arrangement^ 
which  the  particles  of  the  solid  assume  in  becotaiing  s^ii, 
and  is' similar  therrfore  to  the  increase  of  vohime  which 
attends  the  congelation  of  various  substances. 

A  change"  of  temperature,  in  other  words  the  produc- 
tion either  of  heat  or  cold,  is,  next  to  the  change  of  prcJu 
perties,  the  most  important  phenomenon  attending  chtorf- 
cal  combination.  The  prodiiction  of  heat  is  the  mbrc 
frequcrtt  change :  it  is  often  intense,  and  the  great  sritlrfcte 
of  heat  in  the  operations  of  art  is  chemical  combination. 
Gpld  is  also,  however,  not  unfrequently  produced.  It  veiy 
generally  is  the  consequdhce  of  the  solution  of  saline  sub* 
stances  in  water,  or  in  other  more  active  liquids,  and  is 
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still  more  intense  in  the  mutual  action  of  sahsy  and  mair' 
orice. 

Wherever  a  production  of  heat  19  observable  in  chemi- 
cal .ccNDbinationf.  we  can.  trace  ah  increased  densiftjracoQOi- 
panying  it ;  and  the  evolution  of  heat  may  be  ascribed  to 
thisy  since  we  know^  that  Uie  mechanical  condensation  a( 
m  cqinpressible  body  produces  heat.  On  the  other  haadf 
where' cold  is  produced  in  chemicdi  actuMi»  there  is  ahrmy* 
an  enlarg^nent  of  volume,  to  whichy  therefiMre»  the  cold  mqr 
be  ascribed.  But  we  do  not  find  Ihat  the  productioii  ei* 
ther  of  heat  cnt  poldi,  item  chemical  actiout  13  prqMnrtiooal 
to  the  increase  or  diminution  of  densil^.  Attowing  th5 
latter,  therefore,  to  be  the  cause  of  the  change  of  tempe- 
rature, there  inust  be  som^  other  circumstanoe  fay  whick 
it.is  modified.  This  is  the  change  c^  form*  Jt  i^  niflk- 
oent,  at.present,  to  state,  that  when  a  body  passes  fipom 
ib^  aeri&rm  to. the  liquid  state,  or  firom  the  liquid  t%tl|e. 
solid  state,  it  gives  out  heat,  and  in  the  (^yposite  changpt 
absorbs  it,  in  quantities  nbt  proportional  to  the  d^^pree  ii| 
which  the  density  is  altered  by  the  &rm ;  ond  hence  such 
transitions  of  fi>rm,  when  they  accompany  chemical  ac^ 
tion,  irhich  tlfey  firequently  do,  modify  the  production  of 
heat  or  cold  which  arise  from  the  condensatiop  attending 
the  combination  itself.  By  taking  into  consideration  these 
t^o  cirpumstances,  the  production  of  heat  or  cold  from 
chemical  action  is  explained  with  more  precision  than  if 
one  of  them  pnly  were  adniitted  in  the  theoiy  v  and  there 
caiivbe  no  doubt,  that  both,  when  they  occur,  have  ^  share 
in  jirodudng  the  change  of  temperature. 
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compound,  if  it  be  brought  to  act  cm  it  in  large  quantity  ; 
the  increase  in  its  quantify  tn  some  measure  compensating 
tor  the  weakness  of  its  affinity. 

Uka^i  what  is  ih  strict  ciMnifiVrniiljr  to'uie''8am^  fi^i' if 
a  compound  is  siidbmitted  to  the  aeti<Mi  «f  ft'-Mibstance,  ex- 
erting an  attraction  to  one  of  its  principles^  even  much 
111  uii^^i' '  diieui  the  attraciioii  ^hini  nhil^  -  titta^v*  'slffl  the 
(Mcohn^itibn  is  only  paHSal)  isit  a  {xitticm  of  tbe^plMdiplfe 
IkliMstrabted  by  the  decoiiipbinbgBabshaieel!'^^  ^ecMbti^ 
ed  wiA  tiie  itigredi^t  with  which  the  enti^  ^pakHtity  df 
it  %as  combined  in  the  compound ;  &r^  hi  ptdpe^S^Hi^ 
the  deAc6m{k)8ition  goes  on>  the  increase  *i^  the  fiAMSf^ 
q>fauTtlt)>  of  tfiat  ingredii^  adds  sewtichtO'lii^  ferfayof  thfe 
itihitticm'it  exerts  to  the  pHncsple  siistra^ing  C^Mft  iti 
jtotahb  able  to  couhteibalance  the  attttbetioh  ^rodu^iii^ 
the  decomposition^  and  therefore  to  snspetid  it&  actioM 
Hence  there  is  a  paitftion  of  the  substafii^  lfA1fiEicfeedS*'lri^ 
tteeen  the  twb  bodies  dcettiAg  attractioiiis  ta#lii^-it;  ssik 
the  proportions  y>f  this  partition  are  detcMiihed  as '  mneh 
by  the  differences  in  the  quantities  of  thes^,  fes  by^the^- 
ferettde  6f  energy  in  their  affinities.  •     .       . 

JVbni  these  genlmfl  fiictSj  which  are  suppoiiied  by  au- 
merohs  individual  experim^ts^  SerthbOet  hlEis'  estaUished 
Ae  l&w,  that  affinity  iis  modified  by  quantity  of  tioatt^j  or, 
Dftbte  jpr^isely^  that  the  cheinical  action  of  any  body  i^ 
exert^  in  the  ratio  of  Its  affinity  and  quantity.  It  is  one 
of  much  important^ti  its  applicatiotis,  etiaMhg  us  to  exi- 
.ptsSn  witb  more  precision  many  oases  oF  dieniical  combi- 
natibn  and  decompodcion ;  and  ffidstralii^  iSbkl  (Vpefatlon 
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if  not  pofisessed  l^  either  of  the  bodies  which  are  dei^;ft* 
ed  to  act  on  each  other,  it  is  necessaiy  that  it  shouhl  be 
OfVDimunicated)  either  by  the  application  of  heat,  or  by  the 
jnrevioiis  operation  of  a  solvent.  Hence  iiiaion  and  8ofai4 
tioa  are  the  commcMQ  media  of  chemical  action. 

Cojbetton^  existing  in  liquids  to  a'  certain  extenlf  jsagk 
eo^Rteract  their  mutual  attraction  where  this  is  wealf^ 
though  in  general  the  resistance  it  opposes  is  so  incoi^ 
sideialde»  that  lupiids  combine  readily*  and  in  all  propCNr-. 

To  these  viewst  with  r^ard  to  the  effisct  of  cohesion  oar 
fiombination,  Berthollet  has  added  some  others,  moiw 
Qpvdf  and  equally  important  He  reganis  it'  not  mere" 
}g'  as  a  quality  df  bodies  actually  solid  (or  relnaining  in  ik 
slight  d^rree  in  liquids)  resisting  the  exertion  df  affiniffj; 
and  ceasing  to  act  when  solMity  is  destroyed;  but  a$  -a; 
flnroe  which  continues  to  q^erate  when  it  has  been  mf/pt^ 
rently  ovenxMne,  ix  when  its  effects  are  not  sensible,  and> 
which,  by  a  progression  in  its  action,  may  at  length  in*^ 
fluenpe  combination.  -  It  may  be  suqpend^  by  a  superior 
affinity,  or  by  the  agency  of  heat  \  and  its  energy  may  be^ 
so  &r  subdued  as  to  appear  negative ;  but  still  it  contii^^es 
so  jGur  active,  that  if  the  forces  by  whi<^  it  was  weakened^ 
are  diminished,  its  action  will  be  exerted  ^en  before  soi}^ 
dity  takes  place,  and  will  counteract  affinity.  Or  i&in 
ponsequence  of  new  affinities,  oombinaticms  are  producedt- 
it  may  determine  the  prc^rtions  in  which  th^  elements- 
ajpe.  combined ;  for  being  exerted  betwe^  the  integrant^ 
panicles  resulting  from  the  combinatiop,  whenever  its  in*-' 
tensity  is  su^ciently  powerful  to  counterbalan^se  the  sffipi? 
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miiai  b  niuud  an  Effloresoaice.  It  it  thus  whidimini 
Srom  the  action  of  the  other  aubstanceS}  and  this  may:  cpt^ 
tribute  tp  the  progress  of  the  deeompositioni  or  alkyir  it  la 
beeome  more  complete.  Its  influence  has  accoidimly 
been  observed  in  some  important  cases,  particularly  in  ll^ 
decon^position  of  sea-sah  by  calcareoos  matter,  and  Ae 
production,  both  natural  and  artificial,  of  carbonal^  4Bf 
soda. 

6.  ELAflTidT?.  Hie  property  ,of  dastidty  is  possess- 
ed, in  such  a  degree,  as  to  influence  choaaical  action  oi^ 
by  sidistances  m  the  aerial  finrm.  In  that  form,  the  piki^ 
tides  of  a  body  are  mutually  repellent}  and  they  are  thin 
placed  at  gi?eat  distances  from  each  o^r.  When  tm% 
aeriform  bodies,  therefore,  are  presented  to  each  otiher^ 
their  particles  are  at  distances  too.  great  to  adadt  oiilt^ 
exertion  of  chemical  attraction,  so  as  to  brings  thenv  iRlis 
intimate  union*  Hence  elasticity  is  generally  an  obsHude 
to  cjiemical  combination*  In  some  cases  where  the  nm* 
tual  attraction  is  strcmg,  it  is  overcome,  and  two  a^rifiMSn 
bodies  combine  togeth^ ;  but  more  generaKy  the  reverse 
is  the  case,  or  the  attracticm  does  not  operc^. 

In  confennity  to  this  view,  those  circumstHHoes  wkidi 
repress  elasticity  favour  the  combination  of  elastic  fluids. 
Mechanical  pressure,  strc»gly  and  sudd^ify  applied,  causes 
different  aeriform  bodies  to  annbine.  The  application  of 
cold,  especially  wh^i  aided  by  pressure,  has  a  similar  efr. 
feet.  What  a^ears  singular,  heat  often  gives  rise  to  die 
same  result  5  its  c^ration,  howev^^  which  is  i^fl^^wcffds 
to  be  conridered,  may  be  reoondled  perhaps  to  this  prtd^ 
ciple.  ♦     .  .  \ 


to  .^t^  .coiriWwtfe?p  ^f  yi  ^^ii(^  9ai4  with  i^bodjnot 

^um(m  M  19  pftrt.  r^pved^  it  g^p^ally  tnkea  pdbce  JODiore 
Kadii)r^ .  ftl  J^9»(  to  a  certain  e^t^t^  Still»  bowerev,  the 
ekstjy^  ope^9it^,  si^d  places  limits  tP  th^  qpwti^  ottlm 
si^nlbfUk  boily ,  vhicti  the  li(()i|id  ahsothsk  Heiice  this 
quantity  is  iiiio^i^ted  by  whatever  ^imt^?ajCla  tfai«  fi>rce» 
ftt  by  the  application  of  presayrie.  QM  has  a  .siniilar  e& 
fed)  ibo^gh  the  op^catiQH  of  this  is  ia  aoioe  measure 
OomiJterai^teid  by  tb^  cohewp  it  comm^cates  to.  the  li* 
quid ;  aiid  if  this  i»  earned  «P  &r  as  to  produce  solidity^ 
tibe  abfiprptiQii  of -the  aeriiprm  bo^  is  not  only  counter^ 
actedt  fanl  the  qtiaut^y  \|rhifih  hdd  been  absorbed  is  often^ 
It  the  wn&saeviX  of  congelation,  di&engaged.  in  thj^  way 
we  can  account  for  the  &ct,  which  otherwise  appears  anor 
paajQ^s,  thfit.  ^  appli^lian  of  heat,  especially  if  sudden 
sod  intense  oj^  fiyours  the  combinations  of  aeriform 
with  solid  svbistwoes ; .  the .  diminution  which  the  heat  oc^ 
(sauon^  ii^  tbe  cphesioA-  of  the  solid,  more  than  counter' 
t>pjpfffjqg  the  ai^gmenjtation  of  elasticity  in  the  other* 

Sinpe  ehusyti^ly.  in  general  counteracts  combination,  it 
may  easijiy  bP  undi&n^tQod  that  it  will  &vour  decomposi- 
tkp*  {f  a  compound  pcHisist  of  a  solid  ingredient,  and  of 
snqther,  which*  when  uncombined,  exists  in  the  aerial 
form,  it  will  be  le»s  difficult  of  decomposition,  dither  by  the 
application  of  J:ieat  J  or  by  the  action  of  another  substaHce 
opon  it,  Ihapif  it  were  composed  of  two  non-elastic 
bodie^••  ^If  ejqipsed  to  heat,  the  elastic  ingredient,  being 
diq^os^  to  acquire  the  state  of  elasticity,  its  affinity  to  the 
fther  is  weakaied,  and  it  is  at  length  expelled.    Or^  if  the 
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fpace,  is  produced ;  and  this  expansion,  by  the  pressure  ft 
must  occasion  on  the  surroundii^  particles,  will  cause 
them  to  f^roximate,,  and  thus  to  unite.  The  whole  e^ 
feet  k  instantaneous,  and  it  is  on  tMs  that  it  depends.* 
Ware  the  heat  to  be  slowly  applied,  and  gradually  raised^ 
it  would  be  diffiised  through  the  whole  mixture,  and  the 
particles  would  be  merely  separated  to  greata:  distances* 
But  a  single  point  being  heated  to  a  high  d^ree,  while 
the  surrounding  particles  remain  at  their  usual  tempera- 
ture, the  expansion  from  the  former  must  press  on  the 
latter  suddenly,  and  more  quickly  than  the  heat  cah  be 
communicated.  These,  therefore,  instantly  approximate 
within  the  space  at  which  chemical  attraction  is  exerted 
aiid  their  uhioii  is  effected.  The  result  of  the  combina*- 
tion  is  a  farther  evolution  of  heat,  successively  but  r^idly 
taking  place,  which  produces  a  similar  effect  on  the  coiii- 
tiguous  particles,  until  the  combination  is  complete.  There 
are  some  cases,  however,  in  which  so  little  heat  is  extrif> 
cated,  that  the  introduction  of  a  single  spark  is  insufficient^ 
and  therefore  a  succession  of  s^parks  must  be  applied. 

The  amplication  of  heat,  in  particular  cases,  favours  de^ 
composition  as  well  as  combination.  Where,  of  the  sub^ 
stances  combined,  one  is  more  disposed  than  the  other  t9 
pass  into  the  elastic  form,  this  tendency  is  favoured  by  a 
high  temperature,  and  frequently  so  much  so,  that  their 
mutual  affinity  is  overcome,  and  decomposition  ensues. 
By  a  similar  operation,  heat  aids  the  decohiposition  of 
such  compounds,  by  the  affinity  exerted  by  a  third  sub* 
stance  to  the  more  .fixed  ingredient,  and  it  often  promotes 
the  mutual  decomposition  of  two  compounds,  favouring 
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thetinion  of  the  two  more  volatile  ingrediaitsi  and  thu» 
lAowing  the  attraction  between  the  ingredients^  which  are 
coniparatiyely  £xed,  to  operate  with  effect. 

In  all  cases,  then^  in  which  heat  favours  chemical  ac- 
iiotij  it  does  so  by  the  changes  it  occasions  in  the  cohe* 
sioQ,  or  in  the  elasticity  of  the  bodies  concerned ;  but  these 
often  modify  each  other,  and  hence  it  often  gives  rise  to 
apparently  opposite  results ;  it  is  therefore  only  by  con- 
sidering it  in  relation  to  both,  that  we  obtain  a  just  theory 
of  its  operation. 

The  same  view  is  to  be  taken  of  the  operation  of  cold. 
By  diminishing  elasticity,  it  sometimes  favours  combina- 
tion;  and  ijn  other  c^ipes,  by  increasing  cohesion,  it  may 
counteract  this,  and  give  rise  to  decomposition.  Or  the 
one  of  these  lefiects  may  modify  the  other,  and  thus  give 
rise  to  results,  which,  were  the  joint  action  not  attended 
to,  would  sqppear  ^jiomalous*     - 

From  the  influence  of  the  circumstances  by  which  chemi. 
cal  attraction  is  counteracted,  the  corollary  follows,  that  it 
canoot  be  affirmed  in  any  case  that  bodies  have  no  attractlou 
to  each  other.  There  are  many  examples  in  which  bodies 
do  not  comlflne,  as  in  the  familiar  one  of  oil  and  water  ; 
but  ij;  is  obvious,  that  since  combination  is  in  no  case  the 
siHifde  resuk  of  the  exertioQ^  attraction,  but  always  of 
attraction  prevailing  over  cohesion,  elasticity,  or  specific 
gravity,  we  cannot  affirm,  from  combination  not  taking 
place,  that  no  mutual  attraction  exists.  All  that  can  be 
inferred  is,  that  the  attraction  is  not  sufficiently  strong  to 
4?ercome  the  opppdng  forces.    It  is  difficult  to  conceive 

D2   . 
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of  attraction  otherwise,  than  as  a  force  with  which  eveiy 
particle  of  matter  is  endowed,  and,  which  is  exerted  to 
^very  other ;  and  the  theory  is  evidently  superior,  which 
supposes  this  power,  in  particular  cases,  to  be  prevented 
bom  being  efficacious,  by  the  interference  of  extraneous 
forces,  to  that  which  supposes,  that  between  certain  sub* 
stances  it  is  altogether  wanting,  eqiecially  since  in  all 
cases  the  action  of  such  forces  can  be  demcmstrated,  at 
least  to  a  certain  extent,  which  may  be  sufficient  to  ac» 
count  for  the  result. 

From  the  influence,  too,  of  these  circumstances,  c(Mn>- 
bined  w:ith  the  admission  that  all  bodies  have  mutual  at- 
tractions,  it  follows,  as  a  probable  conclusion,  that  the  a& 
iinities  exerted  by  compounds  are  merely  the  affinities  o£ 
their  constituent  principles,  modified  by  the  circumstances 
under  which  they  are  exerted.  It  is  no  doubt  true,  that 
the  affinities  exerted  by  the  compound  are  often  extreme- 
ly diffisrent  from  those  of  its  dements :  it  combines  with 
substances  to  which  they  appear  to  have  no  attraction, 
and- it  refuses  to  unite  with  others  with  which  they  fbrm 
intimate  combinations.  But  this  may  be  expected  frcmi 
the  very  different  conditions  under  which  they  operate^ 
and  it  is  perhaps  possible  to  pmnt  out  how  they  may  be 
diversified  by  circumstances)  the  influence  of  which  is  un- 
doubted. 

Thus,  from  the  affinity  which  one  of  the  elements  of  a 
compound  exerts  to  the  other,  the  affinities  of  either  to 
other  substances  must  be  so  far  countei^acted,  and  ^ence 
the  cause  of  what  is  generally  the  case,  the  attractions  en*' 
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placed  together  tinder  the  name  of  Disposing  Affinity,  a]M 
pear  to  belong  to  the  same  class,  and  principally  to  arise 
from  the  modifications  produced  in  elementary  affinities  by 
combination. 


Sect.  III.— QjT  the  Limits  to  the  Exertion  of  Chemical 

Attraction. 

Chemical  attraction  obeys  certain  limits  j^&s^,  with  re- 
gard to  the  relative  quantities  in  which  it  causes  bodies  t» 
combine,  and,  secondly ^  with  regard  to  the  number  of  snA^ 
stances  between  which  it  may  be  exerted^  so  as  to  bring 
them  into  simultaneous  combination. 

r 

I 

First  J  In  the  greater  number  of  combinationsi  there  are 
limits  to  the  attraction  exerted,  with  regard  to  relative^ 
quantity  \  or  the  bodies  are  not  always  combined  in  inde- 
finite quantities,  but  ofleil  only  in '  determinate  propor- 
tions. Under  this^  general  proposition,  several  classes  of 
&cts  may  be  arranged. 

Isty  There  are  cases  in  which  two  bodies  can  be  com- 
bined  together  only  in  one  proportion,  and  if  an  excess 
of  either  ingredient  of  the  compound  be  present,  it  re- 
mains uncombined,  with  its  properties  unchanged.  The- 
constituent  principles  of  water  afford  an  example  of  this* 

2e%,  Attraction  is  firequently  exerted  between  two  bo<» 
dies>  as  to  combine  them  in  two,. in  three,  or  even  in  four- 
proportions^  but  these  are  always  detenBinate)  so  that  in 
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tiie  intermediate  proportions  no  combination  is  establii^- 
ed.  These  combinations  give  ri^  to  compomids  which 
differ  entirely  in  their  properties  from. each  odier,  the  dif- 
ferences being  frequently  as  great  as  if  they  were  formed 
of  principles  altogether  different.  From  this  cause  prin- 
cipally arise  the  diversities  in  the  properties  of  the  sub- 
stances belonging  either  to  the  animal  or  vegetable  king- 
dom, these  consisting  in  general  of  the  same  principle8> 
united  only  in  different  proportions. 

Sdh/y  Combination  is  sometimes  unlimited  to  a  certain 
extent,  but  when  this  is  reached  it  is  arrested.  Water, 
for  example,  will  di^olve  any  quantity  of  a  salt  up  to  a 
certain  proportion ;  but  when  this  has  been  combined  with 
it,  the  mutual  attraction  ceases  to  operate  with  e£Pect,  and 
no  larger  quantity  can  be  dissolved.  The  limitation  of 
combination  in  this  case  is  named  Saturation ;  and  when 
the  water  has  dissolved  the  largest  quantity  of  the  salt 
which  it  can  dissolve,  it  is  said  to  be  saturated  with  it. 

Lastlt/y  There  are  cases  of  combination  absolutely  unli- 
mited, or  in  which  bodies  unite  in  every  proportion. 
This  is  observed  to  happen  principally  in  the  combination 
of  liquids  with  each  other,  where  the  compoimd  retains 
die  liquid  form. 

When  combination  takes  places  in  determinate  propor- 
tions, it  generally  happens  that  there  is  olife  proportion  in 
which  the  properties  of  the  bodies  combining  are  mutual- 
ly lost  or  neutralized ;  the  distinctive  properties  of  neither 
ingredient  appearing  in  the  compound  j  while  in  the  pro- 
portions different  from  this,,  the  properties  of  the  ingre- 
dient which  is  in  excess  may  be  recognised,  weakened  on- 
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]f  to  a  certB^  ex:t0Dit.  The  sX^gs  of  the  oomhinftrtoii  f| 
ffhick  thjfi  hi^ppeps  is  uamed  the  point  of  IdeutraJvatiom 
^n4  cKW^tixBy^  the  point  of  SaturaticHV  The  btti^  ^¥fm* 
ever>  i^  VAor^  p^oporly  employed  u^  the  seiPUBe  ^h^ea^f 
pp^[M»4  Wt»  Off  4fKVQting  theextreme  pf  cow^hinaliw }  ud 
ti^  tenp  ]^^^f^ti?»tion  k  priQ£^rah]«»  as  a^gqi^fing  tihat 
state  in  wh^^  th^  pjirtqpfwtie^  o£  the  bodi^  are  muti)a% 
]0«t  or  iveutrali»(e<L  ' 

It  is  a  questibn  of  some  interest  and  importance)  tn 
what  causeiB  th^e  varieti^  ei  eoimbinatioR  are  to  be  a- 
s^ibed;  ajoidit  wo^d be ^tis&ctory to ?educe  tb^pi  to ^2^ 
g^^ral  priQcjpl^.  Thisi  has  beeia  attempted^  by  B^pthf^ 
\^tf  mi  tb<mgb|  firoxa  the  difficulty  of  t]p#  sutyeot,  so»9 
ob^urity  i^  9tX»cbi(^  to  it»  bia  views  are  probaUy  just 

The  principle  of  his  theory  is^  that  affinity  ia  a  force  at* 
ways  imposed  t^  operate  on  bodies,  and  to  imite  them  m 
all  prc^i^ioiiifiL ),  thp^  any  limits  opposed  to  its  e^^rtion  a^ 
rise  fr-om  exteirnaA  forces,  cohesioni  elasticity  and  otheirs^ 
by  which  it  is  influenced^  and  that  it  is  only  by  the  ope- 
ratiou  of  thesie  that  determinajbe  proportions  are  establishr 

Wefiiodthe  preceding  general  facts  in  a  great  mear 
sure  to  accord  with  this  principle.  Thus,  where  these  €£&• 
ternal  forces  do  not  operate,  as  in  the  mutual  action  €^ 
two  liquids^,  the  compound  remaining  Uquid,  the  conjlii* 
nation  is  unlimited  with  regard  to  proportion.  When  co;^ 
he^oQ  or  elasticity  is  present  in  the  subjects  (^  the  ctMO^bi* 
nation>  as  ix^  the  action  of  a  liquid  on  a  solid,  or  in  the 
absorption  of  an  aeriform  substance  by  a  Uquid,  these 
forces  ljya4t  tbe  quantity  of  the  soUd  tb«t  caqt  be  dis^lvifsd^ 
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proportion  is  probably  binary,  and  in  the  others  in  certain 
arithmetical  relations,  as  that  <^  two  atoms  with  oim, 
three  with  one,  &c.  With  this  principle  Mr  Dakon  ha| 
connoted  a  system,  relating  to  the  weights  of  the  atoma 
of  bodies,  aiid  has  applied  it  to  the  explanation  of  the 
constitution  of  a  number  of  chemical  compounds. 

Much  of  this  system  is  hypothetical,  and,  with  regard  to 
the  principle  itself,  it  appears  irreconcilaUe  with  the  law 
of  chemical  affinity  so  well  established,  that  bodies  act 
chemically  in  the  ratio  of  their  affinity  and  quantity  ;  for, 
if  combination  take  place  in  determinate  proportions,  if 
one  atom  of  a  is  disposed  to  combine  with  one  atom  only 
of  b,  what  farther  force  can  be  gained  from  the  presaice 
,  of  a  number  of  particles  ofbi  While,  if  bodies  act  in  the 
ratio  of  their  affinity  and  quantity,  their  power  of  combi- 
nation, unless  arrested  by  external  circumstances,  must  be 
imlimited ;  for  the  action  of  a  number  of  particles  of  the 
one  body  is,  by  the  very  supposition,  held  capable  of  be- 
ing extended  to  one  particle  of  the  other,  and  there  is  no 
point  at  which  it  ceases  to  operate. 

The  question,  therefore,  rests  oh  the  evidence  with  re- 
gard to  these  principles.  And  from  the  numerous  facts 
which  support  the  conclusion,  that  quantity  of  matter  in*, 
fluences  affinity,  there  can  remain  little  doubt  of  the  truth 
of  the  principle  itself,  and  of  the  superiority  of  the  system 
which  rests  ujpon  it  This  system,  too,  luccords  better 
with  the  general  train  of  chemical  facts,  than  the  of^xMute . 
one,  that  chemical  attraction  has  a  tendency  to  unite  the 
particles  of  bodies  in  determinate  proportions. 
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Stcindlgj  Chemkal  attraction  observes  certain  liiiiits, 
with  regard  to  the  nuxiiber  of  substances  which  it  com- 
bines together.'  It  not  only  unites  two  substances ;  it  fre- 
qaentfy  brings  three  or  more  into  combinaticm. 

Wbai  three  substances  are  placed  within  the  sphere  of 
diemical  action,  it  often  happens,  either  that  two  of  them, 
oombiney  to  the  exclusion  of  the  third,  or  that  one  is  com- 
bined with  each  of  the  others,  being  divided  between  them 
in  proportions  determined  by  their  affinities  and  quantities. 
In  some  cases,  however,  instead  of  either  of  these  varieties 
of  combination,  the  three  substances  have  their  affinitie^s 
balanc6d>  in  such  a  manner  that  they  enter  into  simulta- 
neous combination,  and  form  only  one  compound.  Even 
four,  five,  or  perhaps  more  substances,  may  be  thus  com- 
bined tf^ether.  Such  combinations  are  named  Ternary, 
Quaternary^  &c.  according  to  the  number  of  their  consti* 
tuent  parts. 

There  are  numerous  examples  of  such  combinations  a- 
mong  the  metals.  If  three  or  four  metals  be  fused  toge- 
ther, they  often  unite,  and  form  one  uniform  compound. 
There  are  also  frequent  examples  of  ternary  combinations 
among  the  salts,'  one  acid  being  saturated  by  the  joint  ac- 
tion of  two  bases.  Nature,  too,  presents  us  with  a  num^ 
ber  of  such  combinations..  Nearly  all  the  substances  be- 
longing to  the  vegetable  kingdom  are  compounds  of  at 
kast  three  {Hinciples ;  and  the  composition  of  the  animal 
products  is  s|:ill  more  complicated,  four  or  five  principle 
being  combined  in  their  formation. 

These  combinations  appear  to  take  place  principally 
where  the  mutual  attractions,  under  given  circumstances. 
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are  nearly  of  tbe  same  force,  and  where  the  extamal  finr- 
ees  of  cohesion,  &c.  do  not  mudi  interfere.  Did  the  «t» 
tractioii  of  one  ingredient  to  anj  of  the  others  much  C9&* 
ceed  their  mntiial  affinities,  it  would  probablj  give  rise  ta 
an  insidaled  binary  compound ;  w  did  the  compound  re- 
fftthiiig  jBrom  the  union  of  any  two  of  the  ingrediexits  di& 
fer  much  in  its  constitution  firom  those  formed  by  the 
cAher8>  this  drcmostanee  would  determine  the  chemical 
action,  and  cause  the  sqiaration  of  such  a  GomponiiiL  But 
where  neither  of  these  circumstances  is  pres^it^  the  sS^ 
nities  may  be  balanced,  and  give  me  to  one  combination. 
Hence^  probaUy,  their  formation  more  peculiarly  in  the 
▼essds  of  vegetables  and  animals,  where,  firom  the  motion 
and  agitation  to  which  they  are  subjected,  the  oonqurea* 
sion  under  whidi  th^  are  placed>  and  the  smaDneas  of  the 
mass  in  which  the  affinities  operate,  the  circumstanoei  of 
cohesion  and  elasticity  are  in  a  great  measure  prevented 
firom  operating,  and  giving  rise>  as  they  otherwise  would 
do,  to  binary  combinations. 


Sect.  IV. — Of  the  Forces  mth  wkick  Chemical  AttmcHon 

i$  exerted. 

BoniES  exerting  attracticms  to  othen^  exert  them  with 
very  different  degrees  of  force ;  and  firom  this  arises  a 
aeries  of  important  chemical  changes. 

From  the  attraction  exerted  by  one  substance  to  ano- 
ther, their  combination  takes  place.    But  this  attraction 
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the  labours  of  many  chemists  have,  been  directed  towavdg 
cofrecting  and  extending  these  taUes.     Their  construction, 
is  extremely,  simple.     The  substance  whose  attractions  aije. 
,to  be  enumerated,  is  placed  at  the  head  of  a  column,  and 
the  substances  to  which  it  has.  attractions;  are  placed  be- 
neath ity  in  the  order  of  their  rdative  forces,  the  substance 
to  which  it  has  the  strongest  attraction  being  immediate 
under  it,  the  others  following  in  that  order,  jand  the  one  to, 
which  it  has  the  weakest  attraction  of  course  dosing  the 
column.     Thus  the  attractions  of  Ume  and  of  mujfiatic 
acid  are  represented  in  the  following  tables  : 

LiMfa,  Muriatic  Acid. 


Oxalic  acid.  Baiytes. 

Sulphuric  acid.  Potash. 
Tartaric  acid.  Soda. 

Phosphoric  acid.  Lime. 

Nitric  acid.  Ammonia. 

Muriatic  acid.  Magnesia.   * 

There  is  another  case  of  elective  attraction,  more  com- 
I^cated.  Suppose  we  have  a  compound  formed  by  the 
union  of  A. and  B,  in  which  the  force  of  attraction  is  equal 
to  90,  and  that  to  this  compound  another  substance,  C,  is 
added,  which  has  an  attraction  to  A,  eqi|al  to  16 ;  it  is 
evidont  that  no  decomposition  can  en^e.  Qut  suppose  a 
fourth  substance,  D,  is  united  to  C,  with  an  attraction  e- 
qual  to  7,  and  suppose  that  D  has  an  attraction  to  B  equal 
to  12,  then  a  decomposition  must  be  effected  on  mixing 
these  two  compounds ;  for  the  Sum  of  their  existing  at- 
tractions is  inferior  to  the  sum  of  those  tending  to  sepa- 
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rate  tbem ;  the  former,  the  affinity  ci  AioB  and  the  affi-^ 
nity  of  C  to  D,  being  equal  only  to  27 ;  the  latter,  the  affi- 
nfty  of  C  to  A  and  of  D  to  B,  being  equal  to  28.  A  B, 
C,  D  therefore,  are  decomposed,  and  two  new  compounds^ 
C  A,  B  D,  are  formed. 

This  is  what  is  named,  in  the  language  of.  Chemistry, 
Double  Elective  Attraction ;  two  elective  attractions  being 
exerted,  and  two  new  compounds  formed.  Of  the  two  at- 
tractions which  are  exerted,  the  tendency  of  the  one  is  to 
preserve  the  original  compounds  undecomposed,  that  ci 
the  other  is  to  separate  their  principles.  The  former  have 
been  named  by  Mr  Kirwan  the  Quiescent,  the  latter,  the 
Divellent  Attractipn)^,-»terms  which  are  generally  used.  It 
is  evident,  that  a  double  decomposition  can  only  be  efiect- 
ed,  where  the  sum  of  the  divellent  is  superior  to  that  of 
the  quiescent  attractions. 

To  represent  more  clearly  and  concisely  what  passes  in 
these  complicated  attractions,  diagrams  have  been  con- 
structed. The  idea  seems  first  to  have  occurred  to  Dr 
GuHen.  The  one  he  proposed  wias,  that  of  two  cylinder* 
crossing  each  other  at  the  middle. 

A  « 


6* 
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If  Oil  mixiiig  the  oomponnds  denoted  fajrA^  B  D^  the 
uttractiDiiB  of  A  to  B,  and  of  C  to  D^  overcome  the  quiei(> 
cent  attractions,  A  C^i  B  D ;  the  resultuur  deoomposititMi 
in  represented,  by  supposing  the  extremities  A  B,  C  I\ 
of  the  cylinders  to  l^  brought  together ;  by  which  abo 
the  fMToduction  of  the  two  new  compounds  wiO  be  denoted 
J3y  the  conjunction  of  these  letters* 

The  diagram  proposed  by  Bergman,  consiAs  of  twm 
Irackets  connected  by  straight  Unes,  forming  a  s^puure,  at 
the  sides  and  comers  of  which,  the  names  of  the  existing 
compounds,  and  of  their  ingredient!^  are  placed  (  and 
though  not  conveying  a  more  clear  idea  of  the  operaticni 
stsdif,  is  better  calculaited  to  represent  aU  the  circitttistsgQk 
eea  connected  with  it. 


Sulpbate 

of 
Potash. 


Muriate  of  Potash. 


.j<-. 


Potash 


6^ 


32  Mohatic  acid 


20=82 


54 
Sulphuric  acid      — 

86 


Lime 


Muriate 

of 
Lime. 


Sulphate  of  Lime.^ 
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Thus  in  the  scheme  which  Bergman  himself  gives,  if 
the  two  compounds,  named  Su^hate  of  Potadi,  and  Mu- 
riate of  Lime,  the  former  consisting  of  sulphuric  acid  and 
potash,  die  latter  of  muriatic  acid  and  lime,  be  mixed  to- 
gether, a  double  decomposition  takes  place,  and  two  new 
compounds,  muriate  of  potash,  and  sulphate  of  lime,  are 
formed.   TTiis  is  represented  by  pliacing  on  the  outer  rides 
of  the  two  brackets  the  names  of  the  two  compounds  mix- 
ed, and  at  the  corners  of  the  brackets,  the  names  of  their 
ingredients,  so  disposed  that  the  one  acid  shaU  be  diago- 
nally opposite  to  the  other.     If  the  numbers  expressing 
the  relative  force  of  attractions  of  the  principles  of  these 
compomids  l)e  also  ^dded,  it  will  be  obvious  that  a  decom- 
position will  ensue.     If  the  attmction  between  potasb-and 
sulphuric  acid  equal  62,  and  that  between  lime  and  muria- 
tic acid  20,  the  sum  of  the  quiescent  attractions  will  be  82. 
Bat  if  the  attraction  between  potash  and  muriatic  acid  be 
32,  and  that  between  sulphuric  acid  and  lime  54,  the  sum 
of  the  divellent  attractions  will  be  86.  These,  therefore,  will 
operate  with  effect ;  th6  muriatic  add  and  the  potash  will 
combine  together,  as  will  the  suJ^phuric  acid  and  the  Hme ; 
and  the  names  of  these  resulting  eqmpoimds,  muriate  of 
potash  and  sulplmte  of  lime,  are  placed  without  the  straight 
lines,  by  #hich  the  brackets  are  connected. 

To  represent  a  single  elective  attraction,  the  same  figure 
is  used,  with  one  bracket,  as  in  this  diagram* 


Vol.  I.  K 
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Nitiic  Acid. 


.♦-" 


Nitrate 

of      i  IS 
Potash. 


Potash  20  Sulphuric  Acid* 

■  _ 

Sulphate  of  Potash. 


Where  the  quiescent  attractions  arc  superior  to  the  di- 
veQcnty  and  where  of  course  no  decomposition  takes  placc^ 
the  scheme  con^sts  of  two  unconnected  brackcts>  with  the 
names  of  the  compounds  at  each  side,  and  of  their  ingre- 
dients at  each  corner )  the  numberS)  denoting  the  forces  of 
attraction,  being  interposed. 

In  these  dccompositicois  it  frequently  happens,  that  one 
or  both  of  the  new  compounds  prove  insoluble,  and  conse- 
quently fall  down.  This  is  denoted  by  bending  downwards 
in  the  middle,  the  line  placed  between  the  substance  and 
the  square,  as  in  diagram  2,  where  the  undermost  fine  is 
bent  down  to  shew  that  tlie  Sulphate  of  Lime  is  precipi- 
tilted.  If  one  of  the  substances  be  volatilized  or  sublimed, 
the  line  is  bent  upwards  in  the  middle,  as  in  diagram  f), 
where  the  upper  line  is  drawn  in  tliis  manner,  to  shew 
that  the  Nitric  Acid  is  volatilized.  If  they  are  neither 
precipitated  nor  volatilized,  the  brackets .  are  merely  con- 
nected by  btraight  lines. 
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*  » 

Lastly^  die  circamstances  under  which  the  decomposi- 
tion takes  place,  require  to  be  pointed  out  Sometimes 
it  is  effected  by  the  substances  being  dissolved  by  water^ 
sometimes  by  the  aj^caticm  of  heat  to  them  in  the  8<did 
state.  Bergman  distinguished  these  decompositions  in  the 
faumiii  and  in  the  dry  way^  by  inserting  in  the  middle  of 
the  diagram  a  triangley  A,  which  was  the  old  chemical  mar^ 
for  fire,  to  denote  that  the  decomposition  wb9  effected  in 
the  dry  way,  or  by  the  ^plication  of  heat  j  and  an  invert- 
ed triangle,  v>  the  mark  for  water^  to  pomt  out  when  it  was 
done  in  a  watery  solution*  The  same  method  is  still  used, 
the  signs  only  having  been  changed,  a  perpendicular  ^e  \ 

being  the  mark  for  heat»  and  the  compound  figure,  ^3,  for 
WQter.  To  facilitate  the  construction  of  such  diagrams, 
all  the  chemical  agents  have  likewise  been  distinguished 
by  particular  symbols. 

Such  are  the  doctrines  of  nin^  and  double  dbctive  at- 
traction, as  tiiey  wei'e  delivered  by  Bagman,  and  imtil 
lately  received  by  chemists.  A  different  view  ha3  been 
given  by  BerthoUet  of  tliese  changes,  which  it  is  necessary 
to  explain. 

In  Bergpian's  theoiy,  affinity  is  .n^rded  as  tin  invari- 
abfe  force ;  and  the  decompositions  ascribed  to  elective  at- 
traction are  considered  as  depending  on  the  various  de- 
grees of  intensity  with  which  tliis  force  is  exerted  by 
each  body  towards  others.  In  the  theory  of  BerthoUet,  the 
changes  are  referred  to  the  (^eration  of  those  circumstan- 
ces by  which  attraction  is  influenced.  If  the  substances 
which  in  any  case  of  complex  affinity  act  on  each  otlior  he 

E  2 
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Hquid^  or  be  soluble  in  the  fluid,  which  is  the  medimn  of 
action,  and  if*  the  compounds  they  form  in  any  stage  of 
combination  have  no  great  cohesion  or  insolubility,  no 
evident  chi^nge  appears  when  they  are  mixed  together ; 
there  is  a  mutual  saturation,  and  the  ppposing  substances 
remain  united,  forming  a  combination,  in  which  the  forces 
are  balanced.  But  if,  on  any  of  the  parts  at  such  a  com- 
bination, the  force  of  cohesion  or  insolubility,  or  the 
power  of  elasticity  iterate  with  energy,  these  external 
forces  subvert  the  balance,  give  rise  to  separations,  and 
are  hence  the  cause  of  the  results  which  were  ascribed  to 
the  predominance  of  divellent  over  quiescent  affinities. 

Thus,  if  four  substances  are  presented  to  each  other, 
two  of  which  have  a  greater  tendency,  to  cc^esion  than' 
the  others,  or  which  form  a  compound  of  qparing  solubili* 
tyy  instead  of  the  whole  forming  one  combination,  the  two 
which  form  the  insoluble  compound  will,  from  the  inilu- 
ence  of  cohesion,  combine  together,  and  be  separated  by 
precipitation  or  crystallization,  the  other  two  remaiqing 
in  combination  and  in  solution.  And  if  even  these  four 
substances  were  previously  in  the  reverse  binary  cpmbina» 
tions,  the  same  extraneous  force  will  cause  an  exchange  of 
principles,  or  the  phenomena  which  have  been  ascribed  to 
elective  affinities  will  be  produced.  Tlie  case  is  the  same 
where  three  substances  are  presented  to  each  other.  If 
the  combination  of  two  of  them  give  rise  to  a  subs^ce, 
of  spfiring  solubility,  or  having  a  strong  tendency  to  cohe- 
sion, this  circumstance  will  determine  their  union^  and  the 
separation  of  the  insoluble  compound,  inste^id  of  the  ba- 
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lance  of  affinities  which  would  otherwise  have  been  the  re- 
sult* 

In  other  cases,  the  power  of  elasticity  interferes  and 
gives,  rise  to  similar  efFectSj^  especially  where  heat  is  ap* 
plied.  An'  elastic  ingredient,  in  what  has  been  named 
Single  Elective  Attraction,  will,  from  this  cause,  be  more 
earily  displaced  $  and,  in  double  elective  attractions,  it  wiQ 
determine  die  combination  of  the  two  opposing  substances 
which  are  most  disposed  to  assume  the  elastic  form. 

In  this  theory  of  complex  affinity,  as  Berthollet  denomi* 
nates  what  used  to  be  termed  Elective  Attraction,  there  is 
probably  much  that  is  just ;  and  it  accords  well  with  many 
&cts  relating  to  these  decompositions.  .There  is  still, 
however,  some  degree  of  doubt  with  regard  to  the  princi- 
ple on  which  it  rests ;  mid  th^  subject  would  require  a  dis- 
cussion too  abstruse  to  be  admitted  into  this  elementary 
vie^. 

There  is  no  problem  in  chemistry,  the  solution  of  wliich 
would  be  niore  important,  than  that  with  regard  to  the 
absolute  forces  of  attractions  which  bodies  exert.  That 
they  diffi^r  in  force,  as  exerted  by  each  body  to  a  series  of 
others,'  is  sufficiently  evident;  the'difficulty  is  to  discover 
their  degrees  of  strength.  Were  these  accurately  known, 
many  of  the  deductions  of  .the  science  would  rest  on  cal- 
culation ;  but  the  solution  has  hitherto  been  very  imper«> 
fectly  obtained. 

Several  of  the  methods  on  which  the  solution  has  been- 
attempted,  rest  on  false  principles.  Guyton,  observing  that 
different  metals  adhere  to  the  surface  of  quicksilver  with 
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different  degrees  of  force,  supposed  that  these  might  in£- 
cate  their  respective  affinities  to  that  metaly^— a  method  not 
only  Innited  as  to  the  possibility  of  its  execution,  but  in- 
accurate, inasmuch  as  the  adhesion  denotes  merely  the  &r> 
ciHty  of  combination,  which  depends  as  much  on  the  co^ 
hesion  of  Ae  metals  as  on  their  attractive  powm.  Wen* 
zel  had  siqyposed  that  the  quuitity  of  a  body  dissolved  in 
a  given  time  l^  another,  affords  a  measure  of  the  fi)rce  of 
the  affinity  exerted, — a  princij)te  equaHy^fective,  sincp  the 
rapidity  of  combination  depends  not  merely  on  the  affini- 
ty, but  on  this  modified  by  the  other  circumstances  which 
influence  chemical  action.  Neither  can  any  results  con- 
nected with  tlie  facility  of  decomposition  of  compounds 
afford  liny  certain  indications,  since  these  are  equally  de* 
pendent  on  the  same  circumstances. 

Mr  Kirwan  observed  a  connection  between  the  affinities 
of  bodies  and  the  qnantities  of  them  required  to  neutralize 
the  properties  of  other  substances  with  which  they  com- 
bine ;  and  BerthoHet,  correcting  and  extending  his  views, 
has  advanced  the  principle,  that  the  power  possessed  by  a 
body,  of  neutraEzing  the  properties  of  another,  is  the  re- 
sult of  die  strength  of  its  affinity  to  that  body,  and  may 
therefore  be  regarded  as  a  measure  of  it;  the  affinity  of 
any  substance  to  another  being  more  powerfiil,  as  a  given 
weight  of  it  can  neutralize  a  greater  quantity  of  that 
other.  To  discover,  therefore,  the  forces  of  affinity,  as 
exerted  by  different  bodies,  it  is  only  necessary  to  deter- 
mine the  quantities  required  to  produce  neutralization  in 
those  with  which  they  combine. 


on  ATFimrr.  71 

On  this  principle^  Berthollct  has  indicated  the  order  of 
the  affinities  of  the  principal  acidsj  and  of  the  bases  which 
they  neutralize;  and  this  order  is  very  different  from 
that  inferred  froni  tlie  known  series  of  decompositions. 
Tliisj  indeed}  is  no  just  objection  against  the  theory ;  for 
these  decompositions  arising  from  the  operation  of  other 
forces  besides  that  o^  affinity,  there  sure  no  grounds  to  in- 
fer that  they  shall  correspond  with  the  real  scale  of  the 
forces  of  attraction.  There  is  some  rieason  to  doubt,  how- 
ever,  whether  the  principle  is  altogether  just;  and,  erett 
if  it  were,  the  investigation  is,  in  the  present  state  of  our 
knowledge,  attended  with  such  difficulties,  that  the  results 
are  far  from  being  certain.  At  the  end  of  this  chapter 
will  be  found  tables  representing  the  quantities  of  the  prin- 
cipal acids  and  bases  necessary  to  produce  reciprocal  sa«i 
turation. 

From  the  observ^ations  that  have  been  made  under  thia 
and  some  of  the  other  sections,  it  must  be  apparent  tliat 
the  relative  forces  of  affinity,  as  represented  in  the  com^ 
n;ion  tables  of  elective  attraction,  are  altogether  inaccurate. 
They  rq>resent  only  a  series  of  decompositions,  whicJi 
arise  from  the  operation  of  circumstances  which  influence 
attraction,  as  much  as  from  differences  in  tlie  str^igth  of 
attraction  itself.  Nor  do  they  even  express  the  order  of 
these  decompositions  with  accuracy;  since  the  influence  of 
quantity,  which  so  materially  modifies  the  results,  has 
been  neglected.  Tlicy  are  therefore  of  less  utility  than 
has  been  believed.  A»  they  may  be  condensed,  however> 
in  a  short  space,  and  may  sometimes  be  consulted,  they 
may  be  added  in  concluding  the  statement  of  the  doctrines 
of  chemical  attraction. 
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TABLE  OF  AFFINITIES. 


J. 

OXYGEN. 

Carbon 

Zinc 

[ron 

Hydrogen 

Manganese 

Cobalt  . 

Nickel 

Lead 

Tin 

Phosphorus 

Copper 

Bismuth 

Antimony 

Quicksilver 

Arsenic 

Sulphur 

Gold 

Silver 

Platina 

Muriatic  Acid 


Uranium 

Molybdena 

Tiingstev 

Cobalt 

Antimony 

Nickel 

Arsenic 

Chrome 

Bismuth 

E/ead 

Copper 

Tellurium 

Platina 

Mercury 

Silver 

Gold 


in. 

iriTROGEX. 


Oxygen 

Hydrogen 


Titanium 
Manganese 
Zinc 
fron 

tin 

= 


IV. 

HTDROGEN. 

Oxygen 

Sulphur 

Carbon 

Phosphorus 

Nitrogen 


V. 

CARBON. 

Oxygen 

fron 
Hydrogen 


VI. 

SULPHUR. 


Oxj^gen 

Potash 

Soda 

Iron 

Copper 

Tin 

Lead 

Silver 

Bismuth 

Antimony 

Quicksilver 

Arsenic 

Molybdena 

fellurium 


VII. 

SULPHURET- 
TED HYDRO- 
GEN. 


Barytes 


Potash 

Soda    ' 

Lime 

Ammonia 

Magnesia 

Zircon 


Vlli. 

AMMONIA, 

POTASH,  AND 

^ODA. 


Acids 
Sulphuric 
Nitric 
Muriatic 
Fhioric 
Phosphoric 
Oxalic 
Tartaric 
Ars6nic 
Succinic 
Citric 
Benzoic 
Acetic 

Saccho-lactic 
Boracic 
Sulphurous 
Nitrous 
Carbonic 
Pnissic 


*  This  is  Vau<iaelm*s  table  of  the  aflinitles  of  oxygen  for  metals,  founds 
ed  on  the  difficulty  with  which  their  oskles  ixt  decomposed  by  heat. 
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aULPUURIC 
ACID* 


Waler 
Oil  . 
Sulpbar 


IX. 

BARTTK»4 

Acids 

Sulphuric 

Oxalic 

Succinic 

Fluoric 

Phosphoric 

Saccho-lactic 

Nitric 

Muriatic 

Citric 

Tartaric 

iirs^nic 

Benzoic 

Acetic 

Boracic 

Sulphurous 

Nitrous 

Carbonic 

Pmssic 
Sulphur  . 


X. 

STR0KTIT£9. 

Acids 

Sulphuric 

Oxalic 

Tartaric 

Fluoric 

Nitric 

Muriatic 

Succinic    . 

Phosphoric 

Acetic 

Arsenic 

Boracic 

Carbonic 
Sulphur 


XI. 

LlMfi. 

Acids 

OxaKc 

Sulphuric 

Tartaric 

Succinic 

'Phosphoric 

Sacchd-lactic 

Nitric 

Muriatic 

Fluoric 

Arsenic 

Citric 

Benzoic 

Acetic 

Boracic 

Sulphurous 

Nitrous 

Carbonic 

,  Prussic 
Sulphur 


Prussic 
Sulphur 


XII. 

MAGNESIA. 


Acids 
Oxalic 
Phosphoric 
Sulphuric 
Fluoric 
Arsenic 
Saccho-lactic 
Succinic 
Nitric 
Muriatic 
Tartaric 
Citric 
Benzoic 
Acetic 
Boracic 
Sulphurous 
Carbonic 


XIII. 

AliCiL. 


Acids 
Sulphuric 
Nitric 
Muriatic 
Fluoric 
Arsenic 
Oxalic 
Tartaric 
Phosphoric 
Acetic 


XIV. 

»1L£X. 


Fluoric  Acid 
Potash 


.  XV. 

ACIDS  NITUIC 
&  NITROUS. 


Potash 

Soda 

Barytes 

Strontites 

Lime 

Magnesia 

Ammonia 

Argil 

MetallicOxides 


XVI. 

ACIDS  MURIA- 
TIC &  OXV- 
MUaiATlC. 


The  same' as  in 
NO.  15. 


Barytes 

Strontites 

Potash 

Soda 

Lime 

Magnesia 

Ammonia 

Argil 

Metallic  Oxides 


XVIIL 

SULPUUaOtTS 
ACID. 


Barytes 

Strontites 

Lime 

Potash 

Soda 

Magnesia 

Ammonia 

Argil 

Metallic  Oxides 


XIX. 

PHOSPHORIC 
ACID. 

Lime 

Barytes 

Strontites 

Magnesia 

Potash 

Soda 

Ammonia 

Argil 

Metallic  Oxides 
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XX. 

CARDOWIC 
ACID. 


xkV, 

TARTARIC 
ACm, 


hacctio-Iactie 
Phosphoric 
Nitric 
ArsMc 
Fiuoric 
Tartaric 
Citric 
Acetic 
Succinic 
Prussic 
Carbonic 
Ammonia 


The  saHie  as  in 
NO.  19. 


Baryles 

Strontitcs 

X'ime 

Fixed  Alkalies 

Magnesia 

Ammonia 

Argil  Lime 

MetallicOxidtfiBarytes 


XXI. 

FLUORIC  ACID. 


The  same  as  in  Argil 


NO.  J  9. 

• 


xxir. 

BORACIC  ACID. 

The  same  as  in 
NO.  19. 


XXIII. 

ARSENIC  ACID. 


XXVI. 

CITRIC  ACID. 


Magnesia 
Potash 
Soda 
Ammonia 


MetailicOxides 


XXVIl. 

BENZOIC  ACID  J 


The  same  as  m 
NO.  Q6. 


Lime 

Bar}tes 

Strontites 

Magnesia 

Potash 

Soda 

Ammonia 

Argil 

MetiillicOxides 


XXIV. 

OXALIC  ACID. 


The  same  as  in 
NO.  19. 


XXVHF. 

SUCCINIC 
ACID. 


The  same  as  in 
NO.  t>6*. 


Soda 

AmnnoDia 

Lime 

Magnesia 

Argil 

MetallicOxides 


XXXI. 

PRUSSiC'  ACID. 

Potash 

Soda 

Ammonia 

Lime    ■ 

Barytes 

Strontites 

Magnesia 

Aigil 

MetallicOxidcb 


XXIX. 

SACCIIO-L/ICTIC 
ACID. 


The  same  as  in 
NO.  26. 


XXX. 

ACIiTIC   ACID. 


Barytes 
Potash 


XXXH. 

OXIDE  OF 
GOLI>. 

/Ether 
Acids 

Muriatic 

Nitric 

Sulphuric 

ArsGnic 

Fluoric 

Tartaric 

Phosphoric 

Prtjssic 
Fixed  Alkalies 
Ammonia 


XXXIV, 

OXIDE  or 

PLATIKA. 


i£ther 
Acids 

Muriatic 

Nitric 

Sulphuric 

Ar86nic 

Fluoric 

Tartaric 

Phosphoric 

Oxalic 

Citric 

Acetic 

Succinic. 


XXXIII. 

OXIDE  OF 

MLTIR. 


Acids 
Muriatic 
Oxalic 
Sulphuric 


XXXV. 

OXIDE  OF 
QUICKSILVER. 


Acids 
Muriatic 
Oxalic 
Succinic 
Phosphoric 
Ais^inic 
Sulphnric 
Sac  cho- lactic 
Tartaric 
Citric 
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Nitric 

Fkoric 

Acetic 

Boracic 

Prussia 

Carbonic 


vitnc 

Acetic 

Boracic 

Prussic 

Curbunic 


Pruswc 
Carbonic 
\F\xed  Aikaii 


"CarBwiJc" 
lAmmeiiia 


XXXVI. 

OXIDE  OF 

coppca* 


Acids 
Oxalic 
Tartaric  ' 
Muriatic 
Sulphuric 
Saccho-lactic 
Nitric 
Arabic 
Phosphoric 
Succinic 
Fluoric 
Citric 
Acetic 
Boracic 
Prussic     • 
Caibonic 
jFixed  Alkali 
Ammoma 


XXXVill. 

a\lD£  OF 
TIN 


XL- 
OXIDE  OF 
2  INC. 


XXXVll. 

OXIDE  OF 

IROK. 

Acids 
Oxalic 
Tartaric 
Sulphuric 
Saccho-lacti( 
Muriatic 
Nitric 
Phosphoric 
Ars^c   ' 
Fluoric  ^ 
Succinic 


\cids 

Tartaric 

Muriatic 

Sulphnric 

Oxalic 

Arsenic 

Phosphoric 

Nitric 

Succinic 

Fluoric 

Saccho-lactic 

Citric 

Acetic 

Boracic 

Prussic 
Fixed  Alkali 
Ammonia 


Acids 

Oxalic 

Sulphuric 

Muriatic 

Saccfao4actic 

Nitric 

Tartaric 

Phosphoric 

Citric 

Succinic 

Fluoric 

Arsenic 

Acetic 

BoTcicic 

Prussic 

Carbonic 
Ammonia 


XLH. 

OXIDE  OF 
COBALT. 

The  same  as  in 
NO.  41. 


XLIIL 

OXIDE  OP 
1IANGANE9B« 


XXXIX, 

OXIDE  qf 
LEAD. 


Acids 
Oxalic 
Tartaric 
Citric 
Fluoric  . 
Phosphoric 
Nitric 
Sulphuric 
Muriatic 
Arsenic 
Acetic 


Acids 
Sulphuric 
Saccho-lactic 
Oxalic 
Arsenic 
Tartaric 
Phosphoric 
Muriatic 
Nitric 
Fluoric 
Citric 
Acetic 
Boracic 


XLI. 

OXIDE  OF 
KICKEL. 

Acids 
Oxalic 
Muriatic 
Sulphuric 
Tartaric 
Nitnc 
Phosphoric 
Fluoric 
Saccho-lactic 
Succinic 
Citric 
Acetic 
Arsenic 
Boracic 
Prussic 


w    ii4 


XLIV. 

OXIDE  OF 
ARSEinC. 

Acids 

Muriatic 

Oxalic 

Sulphuric 

Nitric 

Tartaric 

Phosphoric 

Fluoric 

Saccho-lactic 

Succinic 

Citric 

Ars6nic 

Acetic 

Phisssic 
Ammonia 
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XLV. 
OXIDE  or 

BISMUTH. 


Acids 

Oxalic 

Arsenic 

Tartaric 
.  Phosphoric 

Sulphuric 

Muriatic 

Nitric 

Huoric 

Saccho-lactic 

Succinic 

Citric 

Acetic    ' 

Prussic 

Carbonic 
Ammonia 


XLVI. 

OXIOE  OF 
AKTIMONT. 


Acids 
IVI  uriatic 
Oxalic 
Sulphuric 

Nitric 

Tartaric 

Saccbo-lactic 


Phosphoric 
Citric 
Succinic 
Fluoric 
Arsenic 
Acetic 
Boracic 
Prussic 
Carbonic 
Sulphur 


XLVII. 

OXIDS  Olf 
TELLURIUM. 


Acids 

Nitric 

Sulphuric 
Sulphur 
Alkalis 
Quicksilver 


XLVIIF. 

OXIDE  OF 
TITANIUM, 


\cids 
Sulphuric 
Nitric 
^l  uriatic 
russic 


P- 


XLix; 

OXIDE  or 

URANIUM. 


Acids 

Sulphuric 

Muriatic 

Nitric 

Phosphoric 

Acetic 

Prussic 

Carbonic 
Sulphur 


L. 

ALKOHOL. 


Water 

/Ether  ' 

Volatile  Oils 
Vmmonia 
Fixed  Alkalis 
Sulphur 
Muriates 

U. 

£TH£R. 


\lkohol 
Volatile  Oils 
Water* 


~TIi: — 

VOLATILE   ' 
OILS. 


^ther 
Alkohol 
Fixed  Oil 
Fixed  Alkalies 
Sulphi^r 


LIll. 

FIXLD  OILS. 


Lime 

Metallic  Oxides 

/Ether 

Volatile  Oil 

Fixed  Alkali 

V^olatile  Alkali 

Sulphur 


To  these  tables  may  be  added  the  tables  of  Kirwan,  re- 
presenting the  quantities  of  the  principal  acids  required  to 
neutralize  the  alkalis  and  earths,  and  the  quantities  of  these 
requisite  to  saturate  the  acids  ;  the  results  in  both,  though 
not  perhaps  perfectly  correct,  being  important  both  in 
themselves  and  in  their  relation  to  the  question  with  re^ 
gard  to  tlie  forces  of  chemical  affinity. 
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A  tablie  founded  on  the  experiments  of  Riditer  is  like^ 
wise  of  value,  from  the  umplicity  of  its  construction,  and  its 
extensive  power  of  appEcation.  It  consists  oftwo  cokunnsy 
one  composed  of  the  acids,  the  other  of  the  alkalis  and 
earths,  with  nmnbers  annexed  to  each,  and  is  thus  to  be 
understood :  If  an  article  in  one  of  the  ccdonms  be  taken^ 
suppose  potash  in  the  first,  to  which  the  number  1605  be^ 
longs,  tlie  numbers  afiSxed  to  the  names  of  the  substances 
in  the  other  column  will  show  how  much  of  each  of  these 
is  requisite  to  saturate  these  1605  parts  of  potash  :  they 
will  require,  for  exapiple,  427  of  fluoric  add,  577  of  car- 
bonic acid)  &c.  If,  again,  we  take  an  article  of  the  se- 
con4  coIitmn»  the  first  will  indicate,  in  the  same  manner, 
how  much  earth  or  alkali  will  be  required  to  neutralize  it. . 
It  is  easy  by  calculation  to  reduce  these  numbers  in  any 
case  to  100  parts^ 


Bases. 

Acids. 

Argil, 

a25 

Fluoric, 

427 

Magnesia, 

6lS 

Carbonic, 

577 

Ammonia^ 

672 

Sebacic, 

706 

Lime, 

793 

Muriatic, 

719. 

Soda, 

8^9 

O.xalic, 

755 

;    S|rontite8| 

1329 

Phosphoric, 

979 

Potash, 

l605 

Formk, 

988 

Bar^tes, 

S222 

Sulphuric, 

1000 

' 

Succinic, 

1209 

^ 

Nitric, 

1405 

Acetic, 

1480 

. 

Citric, 

l6S3 

Tartareoiis, 

1694 
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BOOK  11. 

Of  REPITLSION,  AND  THE  POWERS  BT  WHICH  IT  IS 

PRODUCEP. 

1  H£  attractions  which  arc  exerted  between  the  minute 
particles  of  matter,  are  counteracted  by  certain  forces  of 
fq)ulsion,  and  by  these  the  arran^emeiits  and  combinaw' 
tions  to  which  the  former  give  rise  a^e  modified  or  siAk 
verted.  Their  operation,  therefore,  is  i|npor|ant  in  the 
production  of  chepiical  phenomena. 

Of  these  repulsive  forces,  the  most  general  in  its  agen- 
cy is  the  power  of  Heat,  or  what  chemists  denominate 
Coloric  This  power  is  present  in  all  Ix)die8  :  it  is  capable 
of  being  increased  or  diniinished,  and  this  increase  and  dir 
minution  are  accon^panied  with  corresponding  changes  in 
the  distances  at  whidi  the  particles  of  bodies  are  placed. 
Galvanism,  a  principle  lately  dijscovered,  likewise  exerts  a 
repulsive  agency,;  and  is  even  more  powerful  than  heat  in 
iiubverting  chemical  combination.  With  these  agents^ 
L%ht  has  an  intimate  connection.  Its  materiality  is  in- 
deed more  decidedly  established,  yet  still  it  is  doubtful  if  it 
exert  any  chemical  affinities ;  its  particles  are  mutually  re- 
pellent, and  it  is  not  improbable,  that  in  producing  che- 
mical changes,  it  (grates  by  the  repulsion  it  communi- 
i'^U^  to  the  particles  of  bodies. 


so  OF  CALORIC. 

The  matariality  of  all  these  agents  hafi  been  mfiint^fnpr^ 
The  question,  however,  as  it  relates  to  some  of  them^  ^E 
far  from  being  determined,  and  they  are  so  fiur  pecuIiaiE' 
that  their  gravity  cannot  be  ascertained ;  they  can 
]y  be  procured  insulated,  nor  can  their  combinations, 
they  enter  into  chemical  union,  be  traced*  They  ma; 
therefore,  without  impropriety  of  arrangement,  be  regard.— 
od  as  general  forces  producing  repulsion. 


CHAP.  L 


OF  CALORIC. 


Of  the  sensations  we  experience,  none  ai*e  more  iami-i 
Har  than  those  of  heat  and  cold.  These  are  excitied  by 
bodies  applied  to  the  organs  of  sense,  and  with  regard  to 
this,  no  fact  is  more  familiar,  than  that  the  same  body  ex- 
cites at  different  times  very  different  degrees  of  these  sen- 
sations* The  inference  from  this  is  obvious,  that  the 
power  of  producing  the  sensation.  doe&  not  strictly  belong 
to  the  body  applied,  but  depends  on  some  principle  or 
power  which  it  contains,  and  which  is  capable  of  being  in- 
creased or  diminished  ;  the  increase  or  diminution  of  it  in 
any  particular  substance  being  accompanied  with  corre- 
^nding  changes  in  the  power  of  producing  these  sen- 
sajtions.  We  thus  arrive  at  the  conclusion,  that  there 
exists  a  cause  of  heat, — a  power  or  principle  capable  of 
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Heat,  tfie  Matter  of  Heat,  or  the  Igneous  Fhnd',--— tentu 
eidier  ambigabus,  or  implying  an  hypothesis,  aad  there* 
^re  superseded,  by  the  more  unexceptionable  af^Uation 
tif  Caloric;  r  ;  . 

By  Caloric,  then,  is  to  be  understood,  a  power  present 
ill  bodies, ,  th^  eausc  of  their  expansion,*  aiid  of  their  con- 
versioil'info  th^  .fluid  and  aerifi>rm  states,  and  which, 
when  present  in'  a  certain  quantity,  excites  in  animah  the 
sensation  of  heat,  the  sensati<Hi  of  eold  being  fdso  the  ef- 
fect of  its  abstractioi/.  ' 

Soine  hate  considered  this  power  aS'  a  peculiar  «d)de 
fluid  diffused  OTcr  matter,  and  capable  of  enterii^-into 
levery  body ;  others  have  supposed  all  the  phencmieiia  eK«- 
hibited  by  heated  biDdies  to  arise  from  a  peculiar  state  of 
these  bodies, — a  vibratory  motion,  more  or  less  violait^  of 
tiieir  minute  particles.  The  question  on  this  subject  wiD 
be  more  properly  examined  after  the  eflFects  of -Calorie 
havfe  be^i  considered.  It  is  sufficient  to  remark,  that 
whatever  may  be  the  nature  of  this  power,  its  existence  as 
the  cause  of  certain  effects  is  demonstrated ;  and  thesie  ef> 
fects,  their  relations  to  each  other,  and  the  general  laws 
according  to  which'  they  are  produced,  may  be  investi- 
gated with  sufficient  precision^  though  the  nature  of  the 
cause  may  be  ujikjiown. 


I 
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•&CT«  L'-^Ofthe,  Distribution  of  Caloric j  and  the  means  of 
v."  measuring  Temperature.  •    ; 

'  The  state  of  a  body  with  regard  to  its  power  <^  produ- 
cing thie  eflfects  which  arise  from  the  operation  of  caloric, 
is  termed  its  Temperature.     In  every  body  the  tempera- 
ture depends-  on  the  quantity  of  caloric  it  contains.     If^  at 
any  temperature,  it  contain  a  certain  quantity,  the  addi- 
tion of  caloric  raises  its  temperature,  and  its  abstraction 
equally  causes  a  reduction  of  temperature. 
'    Some  estimate  may  be  formed  of  the  temperature  from 
(lie  sensation  it  excites,  but  this  is  extremely  defective. 
It  is  necessarily  v^ry  limited  with  r^ard  to  the  range  of 
temperature,  since,  beyond  a  certain  de^ee,  either  of  heat 
or  cold,  there  can  be  no  discrimination  ;  and  it  is  also  inac- 
curate, from  the  sensations  being  so  much  influenced  by 
various  circumstances,  besides  the  direct  cause  by  which 
they  are  excited. 

*  The  mode,  therefore,  of  estimating- the  temperature,  of 
bodies  by  the  expansion  produced  by  the  operation  of  ca^ 
loric,  was  a  valuable  acquisition.  -  On  this  is  founded  the 
eonstruction  of  the  thermometer, — an  instrument  of  the 
fir^  importance  in  a|jl  researches  on  the  su1:]gect  of  heat. 
Sanctorius  had  observed  the  great  expansion  which  air 
iuidergoea  when  hea^,  and  it  occurred  to  him  that  this 
expansion  might  affi>rd  a  measure  of  the  variations  of  tem- 
perature.  -The  instrument  he  used  was  a  hollow  glass 
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ball  with  a  long  cylindrical  stem ;  the  open  end  of  fSte^ 
stem  being  immersed  in'  a  fiquidj  and  part  of  the  air  ex-^ 
pelled  from  the  ball,  the  liquid  of  course  rises  in  the  stenip. 
imd  by  its.  ascent  or  descent,,  as  it  ii  pressed  di  by  tlie.e& 
panded  or  contract)^  air  jli  die  bdl,  riiews  the  alterotioiir 
of  volume  which  the  air  suffers  from  change  o£  tempera^ 
tiii«.  This  instrolnent  is  liable  to  be  aAseted  bjTiiri*' 
tiond  from  tbe  atmospheric  predsur^ :  from  tftfe  giTtet  ex* 
ppnsibility  6i  ai.r>  top,  it  is  capable  of  m^iteurii^p.oi^  m 
yeiy  Hmit^  range;  from  this  cause,  howet^  it  Ss  eXf 
tf^ififily  sensible^  and  is  hence  spmeldiites  used  lomdieate 
ipihute  dba^eii. .Qf  tanpei^ture.  It  h^  b^en.retidenii 
mudi  more  perfect  bgr  afi  inventicm  of  A&  Leriie^  ift 
whi^h  two  air  thensflplQaieters  are  j6ined  togediei^  so  m  to 
fortn  a  curv^  tube  with  a  ball  at  eadi  extremily,  xepre^ 
seated  %•  17.  $,  the  elastidly  of  the  air  in  otae  baH  eucti^ 
jCpuhterballilices  that  of  the  air  hi  the  other^  and  die  ecdunnr 
of  coloured  liquid  betweeti  them  r^nains  in  e^fuilibriuab- 
But  whc^ai  on'e  ball  receives  heat^  the  air  inclosed  in  it  be* 
ijng  e^Kpatoded,  presses  more  forcibly  on.  this  liqpiid,  catoeH 
it  to  descend  in  the  stem  connected  with  this  ball,  and  Co^ 
rise  in  the  other.  Thii^  Mr  Leslie  has  named  the  Di0e- 
rential  Air  Thermometer. 

The  thermometer  was  rendered  nAich  more  manii^^ 
able,  and  capable  of  more  extensive  ff)plicatioii»  by  substj^ 
tutinga liquid  as  die  measure  of  es])9nsion,  and  iodosing 
it  in  a  tube  hermetically  sealed.  £^irit'of  wi^e  cokwrei^ 
arid  quicksilver,  are  the  liquids  usiiaQy  en^lpyed;  the.laiU 
ter  is  the  most  accurate)  as  its  expansions  correspond 
most  accurately  with  increments  of  temperature,  and  being.' 
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perimentft  be  dirmified,  the,  liquid  will  always  be 
tionaiy  at  these  points.  Kow^  it  is  obvious,  that  the  npmotf 
between  them  maybe  divided  into  any  number  bfd^preesf 
and  if  the  instrument  is  graduated  in  this  manner;  the  dei- 
grees  in  evety  thermometer,  if  the  same  number  be  ob-* 
^served,  will  always  be  the  same ;  and  the  scale  ajso  ioaaybe 
prolonged  in  eadi  by  similar  degrees  below  the  freezing 
poi,nt  of  water,  so  as  to  denote  low  temp^raturesy  and 
above  its  boiling  point  to  express  higher  temperatures. 

The  scale  thus  constructed  being  arbitrary,  different 
forms  of  it  have  been  introduced.  In  this  country  we  use 
generally  the  scale  of  Fahrenheit,  a  German  artist.  The 
space  between  the  freezing  and  boiling  points  of  wafer  he 
divided  into  180  degrees ;  but  instead  of  commencing  the 
numeration  of  its  d^rees  at  the  lower  point,  th^  freezing 
of  water,  he  began  it  still  lower  in  the  scale  of  tempera- 
ture, or  at  that  degree  of  cold  which  i&  obtained  fr^ym  a 
mixture  of  snow  or  salt.  The  space  between  this  and  the 
freezing  point  of  water,  when  divided  into  d^prees,  such  as 
those  between  the  freezing  and  the  boiling  points,  gives 
32  degrees;  the  freezing  point  of  water,  therefore,.. is  on 
this  scale  marked  32,  and  the  boiling  point  212^. 
-  The  scale  of  Reaumur  is  rather  more  simple.  It  oDmr 
mences  at  the  freezing  point  of  water,  which  is  therefore 
marked  0,  or,  as  it  is  named,  zero.  The, space Jbetween 
this  and  the  boiKng  point  of  water  is  divided  into  80  de-^ 
grees;  the  latter  therefore  is  marked  the  80th  degree- 
More  lately  a  similar  scale  has  been  introduced  in  France, 
only  the  space  between  the  freezing  and  boiling  of  water  is 
divided  into  100  degrees ;  it  is  hence  named  the  Centi^ 
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grade  scsale.'  This  last  is  peiiiaps  the  more  natural  divi^ 
tixm^  and  hence  some  of  the  Chetnists  of  this  country  have 
been  diefpoeed  to  ^opt  it  Fahrenheit's  scale,  however^, 
arbitrarjr  as  it  is  in  its  construction,  has  two  yery'iinpor«- 
tant  advantages :  its  degrees  are  much  smaller  than  .those 
of  the  others,  and  observations  with  it^ure  therefore  more 
minute  $  and  ^he  commencement  of  its  numeration  being 
)ow,  there  is  seldom  any  necessity  of  expressing  d^^rees 
]|idow  this  :  we  avoid  therefore  .the  ambiguity  of  negative 
degrees.  If  a  new  .scale  were  attempted^  we  inight  jBnd 
one  perhaps  uniting  every  advantage  in  taking  the  freez- 
ing and  boiling  points  of  quicksilver,  the  usual  themiome- 
trical  Uquid,  as  those  from  which  the  d^rees  are  to  be 
numbered,  dividing  the  space  between  them  into  1000  de- 
greesr  .  The  division, would  thus  be  .more  simple  than  that 
of  Fahrenheit :  the  degrees  would  be  still  smaller,  without 
being  too  much  so  for  observation ;  the  commencement  of 
the  numeration  would  be  lower,  and  it  would  correspond 
nearly  with  the  lowest  natural  temperature.  And  although 
the  scale  was  constructed  in  relation  to  these  points,  the 
actual  graduation  of  the  thermometer  might  still'  be  exe- 
icutedin.the  usual  manner,  firom  the  freezing  and  boiling 
points. of  water,  it  being  only  necessary  to  determine  care- 
fully with  what  numbers  on  the  new  scale  these  pqints 
.(^orreqpond. 

Two  standard  points  being  fixed  in  all  these  scales,  it  is 
easy  to  establish  their  correspondence.  Eadi  degree  of 
Fahrenheit's  is  equal  to  ^ths  of  a  degree  of  Reaumur's, 
if,  therefore,  the  number  of  degrees  of  Fahrenheit's,  either 
above  or  below  the  freezing  .poipt  of  water,  be  muItipiCed 


SS  OF  CALORICv 

by  4  and  £vided  by  9,  the  qootient  wiD  be  the  eor^ 
responding  number  in  B^umnr^s  scale.  To  bring  iko^ 
of  Reanmnr  to  Fahrenlieit's,  they  must  be  mdc^ed  by 
9,  and  drrided  by  4.  Each  degree  of  Fahrenlleit'ft  flca]# 
is  eqnd  to  IthsdPa  degree  of  the  cent^radeseale:  to  find 
the  correspondence,  therefore^  these  numbers  ore  to  h& 
used  as  in  the  above  formula. 

In  employing  expansion  as  a  measure  of  temperatore^ 
one  very  essential  point  is  to  be  determkied,  befinre  the 
accuracy  of  the  method  can  be  admitted:  it  is  whether  the 
eiqKmsion  and  contraction  correq)ond  exactly  with  real 
increments  and  decrements  of  temperature.  If  a  thermos 
metric  liquid^  from  a  given  augmentation  of  temperature, 
say  10  degrees,  expand  more  at  one  port  of  the  scale  than 
at  another,  then  the  indications  from  its  changes  <if 
v<(dmne  cannot  be  accurate.  This  subject  has  often  en* 
gaged  the  attention  of  Chemists,  and  the  result  of  their 
researches  is,  that  the  difierent  thermometrical  liquids  do 
not  expand  tmiformfy  as  the  temperature  rises,  but  iif  an 
increasing  ratio,  or  that  from  a  given  increment'  of  tem- 
perature they  sufier  a  greater  expansion  at  a  high  than  at 
a  low  part  of  the  scale  of  heat.  The  expansions  of  quick- 
silver are  most  regular,  and  hence  it  gives  the  most  accu- 
rate indlcadoni^.  Even  these  are  not  perfectly  so,  but  ex- 
ceed progressively,  as  the  temperature  rises,  the  real  tem- 
peratures. To  render  the  thermometer,  therefore,  per- 
fectly accurate,  the  degrees  on  its  scale  ought  to  be  ac- 
commodated to  the  progressive  expansion ;  but  there  is 
still  some  degree  of  uncertainty  as  to  the  amount  of  the 
error,  and  from  the  mode  in  which  the  scale  is  graduated. 
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it  is  exposed  to  toi  intense  heat,  it  i§  ta^ttBtttfA  in  v^ 
ijoanef  and  of  course  enters  fiurdi^;  and  th^  tLegree"^ 
jbeat  c^  thus  be  estimated  by  the  scale.  The  comneno^ 
ment  of  this  scale  is  at  the  point  of  ^nition  viable  in. di^ 
light  (  which  corres^nds,  according  to  Mr  Wedgwoodb 
estimate,  with  10774-  of  Fahrenheit ;  and  each  degree -of 
the  scale -he  considers  as  equal  to  130  d^prees  <^  Fahrei^ 
h^it^s.  l^ere  is  reason  to  doubt  if  tins' pyrometier  is  ac^ 
curate :  it  is  not  ascertained  if  the  attractions  of  ^be 
clay  are  equable,  and  any  error  from  this  source  is  not 
^  guarded  against  by  the  graduation  being  made  fitxn  eer* 
tain  fixed  points.  It  is  useful,  however,  in  giving  iDevtaim 
stag^  of  temperature,  marked  by  peculiar  effects, '  as  by 
the  fusion  of  the  different  metals. 

Since  the  anployment  of  the  thermometer,  or  rather  of 
the  expansion  of  bodies  as  a  measure  of  their  temperature, 
more  just  £md  enlarged  views  have  been  acquked  of  the 
distribution  of  caloric  While  the  property  of  exciting 
the  sensation  of  heat  was  the  only  one  by  which  that 
power  was  characterized,  it  seemed  a  just  conclusion,  that 
those  bodies  which  did  ^ot  excite  that  sensation  contained 
none  of  i£ ;  and  this  was  then  the  philosophical,  as  it  is 
still,  perhaps,  the  popular  opinion.  Its  fallacy^  however, 
is  easily  demonstrated. 

That  the.  sensation  which  bodies  excite  i^  no  just  indi- 
iCation  of  the  quantity  of  calqric  they  contain,  will  be  i^ 
parent  ^om.oonsideiing  the  manner  in  which  these  saisa- 
lions  are  excited.  The  temperature  of  the  human  body  is 
generally  about  96"  of  Fahrenheit.  When  any  substance 
at  a  higher  temperature  than  this  is  iqpplied  to  our  organs^ 
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It  gives  caloric  to  the^part  to  iBddc)vit'ftiqf)|)lied,^  )^^  tbk 
eacdtes  the  amsatioii  of  heat  t  wlien  it*  is  of  a  lawer4»iii^ 
fMoature,  it  abstracts  calorie,  !>and:^this  gives  rise  txsfiihe 
fleDsation  pfodd*    Our.saisadteii  however,  are  ail  in^ 
flncsDoed  fay  preceding  kapressibns.    Our  body  is.  siir«<^ 
XDuiided  with  an  air,  at  a  teDipc^atore  generally  infiniov 
to  the  animal  temperature :  it  is  therefore  always  abstract- 
ing cakxric.    Hence  it  happens,  that  if  any  substanceis  tip^ 
plied  to  the. body  inferior  to  its  temperature,'  but  superi<N-. 
to. the  temperature  of  the  surrounding  atmosphere,  the 
abitxaielaon  of  caloric  which  it  produces  is  inconskleralde^ 
fiiid^  compared  with  the  impression  which  the  air  make9 
npoii  jis,  it  JEieems  positive)^  warm.     In  general^  therefore^ 
it  may  beaffirmed,  that  whatever  communicates  caloric  to 
oar  body  produces  the  sensation  of  heat,  andthat  what- 
ever abstracts  it  causes  the  sensation  of  cold ;  but  this  ab- 

m 

straction  sequires  to  be  greater  than  that  madeby  the$m% 
rounding  atmo^here,  in  order  to  convey  to  us  the  sensa- 
tion  of  positive  cold*  .  .-.- 

t  It  is  to  be  observed  too,  that  different. bodies  at  the 
same  temperature  occasion  different  sensations,  according 
to  the  rapidity  with  which  tliey  absorb,  or  give  out  calci- 
ne. A  piece  of  iron  at  32  feels  colder  than  a  pieoe  of 
wood  at  that  temperature^  because  the  former,  abstracts 
caloric  from  the  hand,  or  whatever  part  of  the  body 
•touches. it,. more  rapidly  than  tjie  other.  :.  : ,  ■  i. 

. «  From  these  circumstances,  it  is  evident,  that^the  sensa- 
tion  excited  by  a  body  is  no  accurate  measure  of  the  calo- 
ric it  contains,  and  that  the  sensation  of  cold.will..be  ck- 
cited  by  any  substance  ^hose  tcanperature  is  inferiors  to 
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that  ikf  di^  axmiDal  body  f  iduni^  thl^  fblxtasiee  BMqry  fptf 
actttiJly  does  contain  a;  kirge  ^1^ 
'  That  hodies  fit  such  «  lov'tempeAitiire  ccmt^iii  it»  i| 
evidettt  fnun  dbe  fisKt  |liat'  their  temperatiueB  gbb  hb  akil 
gurdier  reduced.  If  the  themsimeter  be  immefBcd  ui  «iti 
ter  wbich  is  freezing,  the  mercury  will  stand  at' SS^  em 
Fahrenheifs  sicale  $  but  even  in  die  cold  of  this  fftnate,  it 
&lls  occasionally  much  bwer.  At  32%  tbersfoiiat  tha 
muBTcmy  must  have  contained  caloric,  since  it  is  onljr  by 
the  abstraction  of  this  power  that  it  could  contmidt  in  vo* 
lume,  and  of  course  descend  in  the  scale.  In  noftben 
dimsites  it  has  deacend»d4o  46  degrees  bi^osr  0  of  Pati* 
lenheit,  or  78  bdow  the  freesing  point  of  vater.  .At  al 
de^ees,  therefinre,  aboye  dus,  the  thenaometermost  bmiRt 
contained  caloric  ;  and  even  at  that  intense  co]d.x)f  "whkli 
it  is  difficult  to  &>nn  a  just  conception,  it  must  imVB  con^^ 
tained  much  caloric,  since,  by  artificial  means,,  a  fiuthttr 
reduction  of  it  could  be  effected  :  And  if  the  thennometor 
contained  caloric  at  diese  extreme  colds,  all  bodi^  must 
have  contained  it,  since  it  is  the  invariable  piropeitty  of  this 
power  to  di&se  itself,  till  an  equilibrium  of  ^temperatmrte 
is  established. 

Even  at  these  low  temperatures  diere  is  no  reason  t» 
believe  that  bodies  were  near  to  being  deprived  of  their 
caloric,  siiice  even  then  dieir  parddes  must  have  been  fir 
from  being  in  actual  .contact ;  and  it  is  only  by  the  tsepql^ 
sive  power  of  caloric  diat  diese  particles  arc  k^t  asunder* 
Tliis  affi)rds  a  more  extensive  view  of  the  distributioii  df 
diis  pow^.  A  solid  body  is  to  be  conceived  ^  as  coii» 
aisting  of  a  number  of  particles  of  die  4Bame  mature,  Itcpt 
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at  eettain  distances  from  each  other  by  its  agency  or  in-* 
terpofiition :  when  a  portion  of  cdoric  is  withdrawn,  these 
particles  a{q[)roa€h  nearer  to  each  other  ^  and  hence  the 
difl^Sw^n  !^  vdhiine  thdt  takes  plaoe.  But  toiy  oottden- 
i^a^an.  luth^rfo .  ^eete4»  is  £lr£r<H(n  that  in  which  tiies^ 
partkto  woi^  jb^  iti  contact;   noi:,  perhaps^  is- suiph  a 

:  Jt  h|H|  &ltbe^  been  eilablisliedt  that  die  &sdi.  mi 
aeri£[Nrm  states  of  bodies  are  owing  to  the  presen^^  of  co- 
hnc^  ffi&ihj^t^ref  as  many  liquids  teqpnre  to  he  eii|k>s- 
ed  le  llf^ mfwt  intense  iicAd  in  order  to  freeze  them;  as 
fbiefne  lire  even  .sf»ne.wUchiiAye  not  yet  been  6<^  and 
lis  iM^prN^i^  number  of  the  airs  have  nof;  be^  broiighit 
twi  M  ike  Ki|uid  l^tat^  it  is  ^evid^nt  that  tih^  lowest  temr 
peratore  which  has  be^  j^rodcioedi  is  &r  distaAf  frbiii  that 
foiht  Hi  which  ^caloric  would  b^  totally  abstraifted. 


as 
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.  Cmpni^  t^  d(e  r^Nifkiye  ag^acy  it  eadeifti^  sqpariitcf  l3i^ 
partidcft'^  bodies  J&om  e&ch  bth^,  and  this  operatjoft*  hn 
ffogtCBtiye  ^li^es^.giv^  rise  to  the  three  genetfd  effect  of 
£l|iMis(«if  jE^di^y  .and  Vaporization.  When  a  body  v 
heated  toi»  cert^  pointy  it  becomes  kimiftous :  tins  slat^ 
tamed  Igttition,  is^  an  elfect  apparently  ui^omteeted  willi 
the  others. 


9*  OF  CALORIC. 


.  f 


-         Of  Expiinmn, 

When  the  temperature  of  a  body  is  raised,  its  vdnme 
is  oilarged  iii  every  diniension ;  when  the  temperattne  is 
reduced)  it  suffers  contraction ;  and  this  expansion  and 
contraction  are,  under  a  general  pcHnt  of  view,-  propop- 
tional  in  each  body  to  the  caloric  communicated  or  ab- 
stracted. 

'  '  The  ^spansion  from  a  given  augmentation  of  tempelr»-» 
ture  is  very  different  in  different  bodies.  General}^  speak- 
ing, it  is  greatest  in  those  which  are  most  rare,  and  wbkii 
liave  least  cohesicm  \  hence,  it  is  very  consideral^  in 
aeriform  fluids  j  it  Js  less  in  liquids,  but  ^till  it  it  liKXre 
considerable  in  these  than  in  solids. 

In  attending  to  the  results  more  minutdy ,  we  find  it.to 
be  very  different  in  different  solids,  as  for  example  in  the 
different  metals ;  and  in  these  differences,  we  can  discover 
little  relation  between  the  expansibility  and  any  physidal 
or  chemical  quality.  It  has  none  to  the  density ;  and  the 
only  property  with  which  it  can  be  connected  is  the  fusibi- 
lity ;  those  which  are  most  fusible  suffering  the  greatest 
exf^tosioh,  though  to  this  also  there  are  exceptions.  /  : 
'  In  liquids,  the  degrees  of  expansion  from  the  same  ang^ 
*  mentation  of  temperature  are  hot  less  dissimilar,  and  as 
their  expansibility  fs  greater,  these  jdifiel'ence^t  are  ^evmi 
inore  conspicuous.  In  general,  those  Uquids  tiiat  are  moat 
volatile  are  those  which  are  most  expansiUe.  Thua, 
quicksilver  in  the  rise  of  temperature  from  50^  to  lOOS 
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^f  PahTenheit,  i»  'expanded  about  -r^of  its  originai  ve^ 
hime,  water  ttt>  *"^^  spirit  of  wine -y^. 

It  might  be  expected  that  a  similar  diversity  would  ex** 
tst  m  the  expansicms  of  aerial  fluids.  Instead  of  this, 
however,  it  appears  to  be  established,  that  the  expansionii 
of  eH  aiPS  are  the  same,  from  the  same  augmentation  of 
temjlierature.  This  is  the  result  ef  the  experiments^  of 
DaltoH  and  Guy-Lussac ;  the  expansion,  according  to  the 
finrmer.,  amounting  in  all  of  them  to  -^^  of  the  f  olume,.^ 
fer-eaich: degree  of  Fahrenheit;  according  to  the  htter, 
^iTy-The  apparent  differaices  which  had  been  observed  m 
piecsediag  experiments  appear  to  have  arisen  from  small 
bni  VttriaUe  quantities  of  water  being  present,  which,  as^ 
fRuning  the  state  of  vapour,  added  to  the  volume  of  the 
a&iform  (hiid. 

r  Anodbef  important  fact  to  be  illustrated  with  regard  to 
iBoq^aiTsfdn  is,  that  in  many  bodies  it  is  progressive  with  re- 
gard to  temperature,  or  is  always  becoming  greater  as  the 
temperatuxe  rises*  Hence,  from  a  given  augmentation  of 
temperature,  the  eiq)ansion  is  greater  at  a  high  than  at  a 
low  part  of  the  scale  of  heat. 

•  ■  ThiB  is  observed  particularly  in  liquids.  Thus,  dividing 
the  scale  of  temperature  between  32°  and  212®  into  two 
equet'pbrtions,.  the  expansion  in  the  higher  portion,'  or 
fromlSd^  to  212%  is  to  that  in  the  lower,  or  from  32  to 
122ynin  qmeksilverj  as  15  to  14,  in  oil  as  15  to  13,  in  wa- 
ter aatunited  ^mth  salt  as  15  to  11.6,  and  in  alkohol  as 
•15  to  l6*9>  la  all  these  the  expansibility  is  progressive, 
tkoBj^  HI  eadi  to  a  different  extent.     The  progression 
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becomes  always  more  consideraUe  too  as  the  tempenttlftt 
is  higher,  or  rather  as  it  approadies  nearer  to  tlie  boil* 
iag  point  of  the  liquid. 

Since  ilb&[e  is  this  increasing  escpansion  in  lii|uids^  it 
inig^t  be  expected  thut  it  would  also  be  found  in  -aiEBrifll 
fluids.  I  Xhe  reverse,  however,  appeart  to  be  the  caaew 
The  expaiisicm  was  even  obsa-ved  by  Roy  and  Dakoa  to 
be  rather  a  decreasii^  oae^  or  to  beccnne  less  as  the  leas^ 
peratnre  rises*  This  appar^t  result,  however^  might. bt 
owing  to  the  mercurial  thermometer  not  bong  peifi^ot]^ 
accurate,  but  indicating  augmentations  of  tempeMIUre  m 
the  higher  part  of  tibe  ^cale  less  than  the  real  aiigiMiit»* 
tions ;  atid  making  allowance  for  this,  according  tt^  t^ 
correction  of  De  Luc,  already  stated,  the  expaHskiits  tf 
aerial  fluids  will  be  found  to  be  precisely  equabkw 

These  apparently  anoidalous  facts,  I  have  ^ndcttvMred 
to  connect  and  explain  by  th^  af^cation  of  the  foflowaig 
princ]{de :  Expansion  is  not  to  be  consid^ed  as  the  renk 
merely  of  the  operation  of  caloric,  but  as  arising  from  du| 
power,  prevailing  so  far  over  the  force  of  cohesion,  wl 
to  a  certain  degree,  always  counteracts  it  where  it 
And  considering  it  under  this  point  of  view,  these  ^'ftcts 
may  thus  be  explained* 

The  inferior  expansibility  of  solids  compared  with  thft 
of  liquids,  must  be  referred  to  Cohesion  being  eacetted  JQ 
the  former  with  much  greater  force  than  in  the  la^;er ;  aiifL 
the  obstacle  to  the  expansive  en^gy  of  calcMric  hemg  theve^ 
fore  more  considerable:  while  the  great  expetusibility 
jriform  substances  is  evidently  owing  to  there  being  Xm» 
hesion  between  their  particles,  there  is  therefore  no  reds- 
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servations  which  ap^ar  to  prove  that  it  is  so.  And  as  the 
force  of  cohesion  is  so  great  in  solids,  an  elevation  of  ten)^ 
perature,  even  to  a  considerable  extent)  can  have  less  ef- 
fect in  weakening  it :  hence  the  precession  may  be  so  in* 
considerable,  that  in  the  small  portion  of  the  scale  that  can 
be  accurately  measured,  it  may  not  be  easily  ascertained. 

Ther^  remain  to  be  stated  some  exceptions  to  the  law^ 
that  expansion  is  produced  by  the  commmiication  of  calorie, 

A  striking  exertion  is  in  the  enlargement  of  v<dume 
that  accompanies  the  transition  of  bodies  from  the  liqiud 
to  the  solid  form.  This  transition  is  occasioned  by  relic- 
tion of  temperature :  it  ought  therefore  to  be  attaided  witb 
diminution  of  volume,  or,  if  no  difference  can  be  discovered 
between  the  temperature  of  the  Uquid,  and  that  of  th^  sp- 
Ud  formed  from  it,  at  the  moment  of  fonnation,  there 
ought  at  least  to  be  no  expansion.  The  expansion,  with 
regard  to  a  number  of  substances,  is  however  very  con- 
siderable. Water  in  freezing  e:^ands  so  much  as  to  raiie 
a.  considerable  weight,  or  even  to  burst  metallic  vessels  in 
which  it  is  confined.  This  has  been^  supposed  to  arise 
from  the  disengagement  by  freezing  of  the  portion  of  air 
which  water  holds  loosely  disscdved ;  but  it  takes  place  when 
this  air  has  previously  been  abstracted  as  much  as  possi- 
ble, by  the  action  of  the  air  pump.  It  probably  dependsy. 
according  to  the  hypothesis  suggested  by  Mairan,  on  a  po- 
larity in  the  particles  of  the  water,  or  a  disposition  to  unite 
by  certain  sides  in  preference  to  others.  It  is  accordingly 
observed,  that  in  freezing  the  spiculae  of  ice  skoot  out  at  a 
certain  angle ;  and  in  consequence  of  this  arrangement  an^ 
caalargement  of  volume  may  be  produced.    The  same  phe^ 
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nQmenon  is  displayed  by  some  other  substances  in  their 
congelation,  thmigh  not  to  the  same  extent ;  as  by  several 
saline  sohitions,  sulphur,  and  among  the  metals  by  iron, 
bismuth  and  antimony,  and  it  is  no  doubt  to  be  referred . 
to  a  similar  cause. 

A  very  singular  phenomenon,  however,  peculiar,  as  far 
as  has  been  discovered,  to  water,  is  expansion,  not  in  the 
actual  process  of  congelation,  but  for  several  degrees  pre- 
vious to  the  point  at  which  the  congelation  commences, 
and  of  course  while  perfect  fluidity  remains.     If  water  be 
cooled  in  a  tube  adapted  ti  render  sensible  its  changes  of 
volume,  it  contracts  as  the  temperature  is  reduced,  until  it 
has  fidlen  to  about  40  of  Fahrenheit's  scale :  it  then  be- 
comes stationary,  and  if  cooled  fiirther  it  expands,  and 
coiitinues  to  expand  in  an  increasing  ratio,  until  it  freeze. 
If,  by  avoiding  agitation,  the  freezing  be  prevented  at  the 
usual  temperature  of  32®,  and  the  water  be  cooled  lower 
than  this,  the  expansion  still  continues  to  proceed  :  it  has 
been  cooled  down  to  20l  and  even  to  10,  and  at  the  last 
temperature  it  had  expanded  as  much'  as  it  would  have 
done  had  th$  temperature  been  raised^ to  75,     The  same 
prc^rty  is  displayed  when  the  freezing  point  of  the  wai- 
ter has  been  lowered,  by  dissolving  certain  salts  in  it;  and 
in  this  base  the  expansion  commences  at  about  the  same 
distance  from  the  point  at  which  such  a  solution  freezes, 
as  it  does  from  the  usual  freezing  point  of  pure  water. 

This  singular  property  of  water,  with  regard  to  expan- 
sion, had  been  observed  at  an  early  period ;  and  Hooke 
ni^ested  that  it  might  be  merely  not  a^real,  but  only  an 
^qpparent  anomaly,  depending  on  the  contraction  of  th^^' 

G2 
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i^ntaining  yaw«L  The  same  explanation  wag  given  fay 
Mr  Dfilton.  The  expansion  of  water  being  in  an  increflt- 
sing  ratio  with  regard  to  temperature,  the  contractiona  it 
suffers  in  cooling  must  alwajrs  be  becoming  less  as  the 
temperature  falls.  They  become  at  length  inferior  to  the 
contraction  c^  the  containing  vessel ;  whence  apparent  ex- 
pansion will  take  place,  and  for  the  same  reascm  this  will 
appear  to  proceed  in  an  increasing  ratio  as  the  tempera* 
ture  falls.  It  has  been  found,  what  appears  to  be  in  con- 
formity to  this  view,  that  the  apparent  expansion  commen- 
ces  at  different  points  of  the  tkermometrical  scale,  when 
the  experiment  is  made  in  tubes  of  different  kinds,  ap- 
pearing, for  example,  at  a  higher  part  of  the  scale  in  a 
metallic  tube  and  ball,  than  in  one  of  glass,  the  contrac- 
tion which  the  metal  suffers  from  reduction  of  temperature 
beijtig  greater  than  that  of  the  glass. 

The  reality  of  this  property  in  water  has  been  establish* 
ed,  however,  by  Dr  Hope,  by  a  series  of  experiments  exe- 
cuted in  a  manner  in  which  this  source  of  fallacy  can  have 
no  effect.  Thermometers  being  placed  near  the  bottom 
and  top  of  a  cylindrical  jar  containing  water,  he  observed, 
that  in  cooling  water  until  it  arrived  at  40^,  the  under 
thermometer  always  indicated  the  lower  temperature  5  but 
in  cooling  it  below  40,  the  reverse  took  place,  the  thermo- 
meter at  the  siurface  indicating  the  lower  temperature,-' — a 
decisive  proof,  that  in  cooling  below  this  point  water  ex- 
pands, becomes  therefore  lighter,  and.  ascends.  Or,  in  re- 
versing the  experiment,  by  communicating  heat  to  water 
which  had  been  cooled  down  to  32,  the  theimometer  at 
the  bottom  was  always  higher  in  temperature  than  thatto* 
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wards  thesiir&c^ ;  th^  wiEiter  as  it  became  heated  contract- 
ing and  falling  down.  This  continued  until  the  tempera- 
ture  rose  to  S8^,  then  the  arrangement  was  r^yetsed,  and 
the  warmer  water  above  this  i^peared  at  the  surface.  It 
is  obrious  that  tliese  experiments  are  liable  to  no  fallacy 
from  the  contraction  or  expansion  of  the  containing  ves- 
sd }  sincey  whatever  this  be,  it  must  have  c^rated  equalfy 
on  the  whole  column  of  water,  and  they  fully  establish  the 
existence  of  this  peculiar  anomaly  in  water. 

Can  any  cause  be  assigned  for  this  peculiarity  ?  Blagden 
suggested,  that  that  polarity,  or  peculiar  exertion  of  the 
attraction  of  cohesion  which  unites  the  particles  of  water 
in  a  determinate  manner  in  congelation,  might  begin  to 
operate  some  degrees  above  the  point  at  which  the  actual 
solidification  takes  place,  and  give  rise  to  enlargement 
of  volume.  There  is  reason  to  believe  that  this  even  hap^ 
pens  with  regard  to  some  other  substances  which  expand 
in  becoming  solid.  Thus,  if  pieces  of  solid  iron  are  thrown 
into  melted  iron,  they  at  first  float,  from  the  greater  den- 
sit}'  of  the  iron  in  the  liquid  state ;  but  in  proportion  as 
they  m^lt,  they  sink,  probably  from  the  temperature  of  the 
liquid  iron  being  reduced  by  their  fusion,  and  from  this 
reduction  being  accompanied  with  expansion. 

One  other  exception  to  the  law  that  bodies  are  expand- 
ed by  the  action  of  caloric  remains  to  be  stated  ;  it  is  that 
exhibited  by  clay  and  the  pure  earth,  argil,  which  is  its 
base,  wliich,  when  heated  above  ignition,  contracts  instead 
of  expanding  as  the  temperature  is  raised,  the  contracti(Hi 
remaining  permanent  when  the  temperature  is  reduced. 
This  might  be  supposed  to  depend  on  the  dissipation  of 
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volatile  matter ;  but  the  reverse  of  this  is  established  by  the 
circumstance,  that  beyond  a  full  red  heat  there  is  no  lorn 
of  weight,  though  the  contraction  continues  to  proteed  fitf 
beyond  this.  It  is  probably  owing  to  the  exertion  of  the 
attraction  of  cohesion  being  favoured  by  the  high  tempe* 
rature,  in  consequence  of  whidi,  the  particles  composing 
the  mass  enter  into  closer  aggregation ;  and  accordin^y^ 
what  is  in  conformity  to  this  view,  a  degree  of  hardness  is 
acquired,  greater  as  the  heat  has  been  more  intense.  Sir 
James  Hall  observed,  that  a  similar  contraction  takes  place 
in  chalk  heated  under  compression,  and  this  is  accompli- 
nied  with  increase  of  hardness. 

Of  Fluidity, 

When  a  solid  substance  is  heated  to  a  certain  tempera- 
ture, the  force  of  cohesion  between  its  particles  is  so  £ar 
diminished,  or  is  so  peculiarly  modified,  that  its  parts  are 
moved  easily  with  regard  to  each  other,  or  it  passes  into 
the  fluid  form.  By  a  reductibn  of  temperature,  the  par- 
ticles are  again  united  so  as  to  be  subversive  of  this 
mobility,  or  the  body  returns  to  the  solid  state.  These 
changes  of  fiwrm,  therefore,  may  be  regarded  as  depending 
on  the  relative  action  o^  caloric,  and  of  the  force  of  cohe- 
sion. Were  cohcMsion  only  exerted,  the  particles  of  all  bo- 
dies^ would  be  closely  united,  and  all  would  exist  in  the 
state  of  greatest  density  and  solidity.  But  this  is  counter- 
acted by  the  repulsive  agency  of  caloric,  which,  when  in 
sufficient  intensity,  diminishes  cohesion  so  far  as  to  pro- 
duce fluidity.  • 

This  effect,  however,  does  not  depend  merely  on  the 
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Ibreeof  ^dberioQ  being  weakaied,  but  abo  cm  its  action 
bring  so  ftr  modified,  as  to  give  rise  to  a  different  arrange* 
ment  c£  the  particles  from  that  which  prevails  in  the  solid 
stole*  Cc^esicm  remains  in  thefluid,  and  it  is  not  easy  to 
determine  to  what  extent ;  for  the  mobility  characteristic 
of  fluidity  may  be  accounted  for  on  the  siq>position>  that 
the  mutual  action  of  its  particles  is  equal  in  every  direction 
at  the  same  distance  though  a  strong  force  of  cohesion  is 
exerted  between  them.  And  that  a  peculiar  arrangement  of 
the  particles  does  take  place  in  the  transition  of  form,  is 
proved  by  the  facts,  with  regard  to  the  expansion  bodies 
suffer  in  becoming  solid, — facts,  inconsistent  with  the  sup- 
poskion  that  fluidity  depends  merely  on  a  diminution  in  the 
power  of  cohesion.  This  peculiar  arrangement,  however, 
depends  on  the  operation  of  caloric  separating  the  parti  J 
des  to  certain  distances,  and  allowing  these  modifications 
in  their  mutual  actions  to  be  established.  Fluidity  is  there- 
fore strictly  and  invariably  the  result  of  the  e:icertion  of 
this  power,  and  no  body  can  be  said  to  be  more  naturally 
liquid  or  solid  than  another.  In  common  language,  in- 
deed, those  bodies  which  are  liquid  at  moderate  natural 
temperatures,  are  said  to  be  frozen  or  congealed  when 
they  become  solid,  and  those  which  are  usually  solid  are 
said  to  be  melted  when  they  have  been  rendered  liquid, 
implying  some  distinction  between  them.  But  this  dis- 
tinction is  merely  relative,  and  dqpends  on  the  different 
temperatures  at  which,  from  the  different  degrees  of  force 
with  which  cohesion  is  exerted,  these  states  are  assumed. 

Though  every  substance  would  undergo  the  change  of 
•fluidity  fix>m  the  action  of  heat,  it  often  happens,  with  re- 
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gard  to  ^mpotmd  8ttbslaiioeB»  that  they  mm 
at  a  lowar  Umpematafe  than  thi^  which  is  neoeiaaiy  to 
mdt  them.  But  if  thk  deoompodtion  be  prevented^  thqr 
Unay  be  fiised.  lUs  is  well  exem{difled  in  the  fiidon  of 
chalk  or  limestone^  by  heat  api^ied  under  comptemcnif 
wo  to  present  the  dissipation  of  the  aerial  matter  whidk 
inters  into  the  composition  of  these  substances:  and  in 
this  case,  the  aSrial  ingredi^it  Seems  to  share  its  fisK^iHly  of 
being  acted  on  by  calcic  with  the  solid  ingredi^it,  and  to 
eommuhieate  to  it  greater  fusibility. 

Fluidity  differs  from  expansion  in  the  circumstance.thal 
it  is  not  progressive^  but  takes  place  suddenly^  and  at  a 
precise  temperature :  the  solid,  even  at  one  degree  lower 
than  its  melting  point,  having  no  appearance  denoting  ap^ 
proaching  liquefaction ;  and  the  liquid  at  as  small  a  dis- 
tance from  its  freesing  point,  retaining  apparently  unim* 
paired  its  characteristic  mobility.  This,  however,  is  not 
universal,  there  being  some  substances  which  pass  through 
an  intennediate  stage  of  softness  and  viscidity,  of  which 
we  can  even  mark  numerous  shades. 

The  process  of  congelation  is  influenced  by  certain  cir- 
cumstances besides  the  reduction  of  temperature.'  If  agi- 
tation be  av(4ded,  a  liquid  may  be  cooled  a  nmnber  of  de- 
grees below  the  temperature  at  which  it  usually  becomes 
soJid,  without  congealing ;  water,  for  example,  can  thus 
be  bdoled  easily  to  28**,  or  25®  ;  it  has  been  cooled  even  to 
15**  or  10**  5  but  the  moment  it  is  agitated  when  thus  oodi- 
ed,  Congelation  takes  place,  and  the  temperature  rises  to 
the  usual  freezing  point.  The  kind  of  agitation  which  has 
this  effect,  is  rather  that  which  produces  a  vibration  a- 
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mmgiim  pavtioks  of  ibe  liquid  thiii  tiiat  whkh  aioveg 
AKm^hofemasik  Ancrtlier  ditsiimstaace^  wMcb  kas  i^ 
portsot  indUeBce  on  croigelndoiiy  i»  tbe  presence  of  looee 
particle8t)fflDlid  mattery  and  eiqpeciaUy  of  the  totne  kiiid 
ef matter  with  diat  which  is  to  be  congealed:  thus  the iiir 
tfodnctionofthesmaUestpaj^cfeofice  into  water  cool^ 
even  a  little  below  32 ^^  causes  it  instandj  to  freeze. 

The  infkience  of  these  circumstanoes  is  to  be  explained 
bf  oonsidering  congelation  as  a  q)ecies  of  crystallizatioti 
mising  from  the  partides  of  the  Uqoid  uniting  in  a  deter- 
oiinate  mMmer.  Mere  reduction  of  temperature  causes 
the  partides  of  the  liquid  to  a{^»roach  in  that  direction 
least  finTOiirable  to  the  exeition  of  that  modified  attraction 
by  which  they  are  to  be  united  in  the  solid.  Agitation, 
i^  the  various  motions  it  impresses  on  the  particles^  places 
some  of  them  in  that  direction  in  which  they  are  more 
disposed  to  unite ;  and  a  solid  particle,  or  rather  a  small 
Mriid  mass,  affinrds  a  surface  whence  attraction  can  be  e&« 
erted  with  more  efiect,  and  iii^iich,  when  it  does  com- 
mence, wiU  proceed  rapidly  through  the  whole  mass. 

During  l^uefaction,  a  quantity  c^  caloric  is  absorbed 
widiocEt  prodocing  elevation  of  teniperBture,-**-4m  in^pc»rtant 
pheaomenon  mi^e  stricdy  connected  with  another  part  of 
the  history  of  caloric,  and  therrfore  to  be  afterwards  con- 

«id«^.  ^ 

••  ■ 

Of  Vaporization. 

Th£  term  Yapcnrization  is  af^ed  to  denote  that  cjiango 
in  which  a  body  passes  into  tbe  form  of  vapour  or  air.  It 
8  the  immediate  eSisct  of  the  action  of  caloric.    Tlie  ex- 
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panfilve  oiergy  of  tUs  power  separates  ike  partideB  of  In^ 
dies  to  greater  distances,  until  the  force  of  odbesion  pro- 
gressirely  weakened  is  entirely  overcome,  aad'a  repulsion 
is  established  between  the  particles.  These  receding  fixn 
eadi  other,  the  body  becomes  extremely  rare,  and  highly 
dastic,  and  thus  passes  into  what  is  named  the  Aeriform 
or  Ga««u«  state. 

In  general,  bodies  pass  into  this  state  from  the  liquid 
form,  and  there  is  often  a  considerable  range  of  tempen^ 
tnre  between  the  two  stages  at  which  these  changea  of 
form  happen.  In  some  cases,  however,  solids  pasa  mtm 
the  «tate  of  vapour  without  becoming  previously  liquid^ 
thou^  if  their  vaporization  be  prevented  by  pressure  tfae^ 
su^r  liquefaction* 

•Elasticity,  or  the  capability  of  being  reduced  by  pressure 
into  a  smaller  volume,  and  of  expanding  when  that  prea^ 
sure  is  removed,  is  the  distinguishing  property  of  bodies 
existing  in  this  state.  They  all  possess  it  in  a  high  degree. 
A  moderate  compression  very  sensibly  reduces  their  vo- 
lume ;  an  abstraction  of  external  pressure  is  followed  by  a 
great  degree  of  expansion.  This  elasticity,  too,  is  much 
increased  by  die  farther  operation  of  caloric ;  hence,  very 
moderate  changes  of  temperature  in  the  aeriform  fluids 
are  accompanied  with  very  considerable  changes  of  mo- 
lume^  and  under  high  temperatures  they  become  media* 
nical  agents  of  great  power,  from  the  elastic  force  they  ex- 
ert» 

Rarity  is  another  property  characteristic  of  this  form. 
The  particles  are  separated  to  such  distances,  that  the 
portk>n  of  gravitating  matter  in  a  given  volume  is  compa?* 
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tatively  smalL  So  few  rays  of  light,  too,  are  reflected,  that 
no  impression  is  made  on  the  organ  of  vision ;  hence  bo- 
im  in  this  state  are  invisible,  except  in  the  example  of 
<Hie  or  two  elastic  fluids,  which  are  distinguished  by  pecu- 
liar colour,  or  where,  as  in  the  atmosphere,  firom  the  large* 
nes8  <^  the  mass,  some  tint  of  colour  is  displayed*  The 
vigours  in  condensing  lose  their  transparency,  from  the 
union  of  their  particles  into  minute  globules. 

The  temperature  at  which  different  bodies  suflfer  this 
change  of  form^  is  extremely  various.  Some  require  a 
temperature  comparatively  high,  and  hence  usually,  exist 
in  the  liquid  or  solid  state.  Of  these  some  require  even  an 
intense  hea£  :  these  are  named  Fixed,  in  contradistinction 
to  those  which  are  more  easily  converted  into  vapour,  and 
which  are  hence  denominated  Volatile.  There  are  still 
others  which  pass  into  this  form  at  temperatures  so  low^ 
that  even  the  greatest  cold  which  we  can  apply  is  insuffi- 
cient to  condense  them  into  the  liquid  form. 

Substances  which  assume  the  elastic  form  at  teaiper&- 
tores  so  low  as  this,  being  incondensible  by  the  methods 
we  can  employ,  are  considered  as  permanently  elastic.  In 
the  language  of  modem  chemistry,  they  are  named  Ains 
or  Gases,— ^hese  two  terms,  strictly  speaking,  being  sy- 
nonymous, though  the  term  Air  is  also  sometimes  used 
not  in  a  generic  sense,  btlt  is  applied  spedficaOy  to  that 
elastic  fluid  which  forms  the  atmosphere.  Substances^ 
again,  which  exist  in  the  elastic  form,  but  which,  requiring 
a  high  temperature  tQ  maintain  their  elasticity,  can  be 
easily  condensed,  are  named  Vapours.  The  state  in 
which  each,  exis^  is  precisely  the  same,  and  the  distino- 
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tion  is  only  relative^  refiarriog  to  the  tenqierature  atnUdi 
it  is  assumed.  ^  . 

A  di£Eerent  riew  has  sometimes,  however,  been  taken  of 
4liis  sutgect.  The  aeriform  state  has  been  considered  as 
jiatural  or  essential  to  some  bodies ;  and  when  this  opinioii 
was  exploded,  and  the  principle  established,  that  this  state 
uniformly  dq)ends  on  the  action  of  caloric,  still  it  was 
supposed  that  in  the  gases,  or  those  possessed  of  pmnih 
nent  elasticity,  the  combmation  of  caloric  is  more  inti- 
mate than  in  the  vapours  whiph  are  more  easHj  con- 
densed. There  are  no  grounds  for  this  opinion.  The 
difference  obviously  depends  on  the  temperature  at  whick 
the  state  is  assumed.  If  a  body  require  a  high  t&xsp&n^ 
ture  to  become  elastic,  it  will  of  course  remain  so  only 
while  that  temperature  is  kept  up  5  and  when  this  i.  «s 
duced,  it  will  return  to  the  liquid  or  solid  form.  But,  if 
the  elastic  state  is  assumed  at  a  temperature  lower  thaA 
any  natural  one,  or  than  what  can  be  reached  by  artificial 
arrangements,  the  body  will  appear  permanently  elastic  as 
it  occurs  in  nature  $  and  if  disengaged  from  combinations 
in  which  it  exists,  it  will  instantly  assume  that  state*  If 
water,  instead  of  requiring  a  temperature  of  212^  to  con- 
vert it  into  vapour,  suffered  that  change  at  200®  below  D 
of  Fahrenheit,  it  would  always  have  appeared  to  us  as  a 
permanently  elastic  fluid,  and  perfectly  analogous,  so  for 
as  regards  its  mechanical  properties,  to  atmospheric  air. 

That  this  property  of  permanent  elasticity  is  merely  re- 
lative, is  well  established  by  the  condensation  of  several 
nf  the  gases,  as  they  have  usually  been  considered,  having 
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been  aetually  effected  by  the  applicatkm  of  intense  cold, 
sided  by  strong  pressure. 

Qa  these  views  is  established  the  chemical  nomenclature 
of  die  permanently  elastic  fluids;   Being  r^arded  as  com* 
posed  of  saUd  or  gravitating  matter  existing  in  this  farm, 
die  gaieric  term  Gas  is  applied  to  denote  the  form  itself^ 
and  a  peculiar  name  is  assigned  to  the  solid  base  of  each. 
Thus,  there  is  cme  elastic  fluid  named  Oxygen  Gas :  this 
phrase  is  appUed  to  it  as  it  exists  in  the  aerial  form,  and 
die  term  Oxygen  is  apprt^riated  to  its  gravitating  matter. 
Hus  matter  cannot  be  obtained  solid  in  an  insulated  state, 
swing  to  the  peculiar  relation  it  has  to  caloric,  but  it  ex- 
ists concrete  in  many  combinations,  and  it  is  only  when 
disengaged  that  it  assumes  the  elastic  form.     The  aflini- 
ties  of  oxygen  gas  and  its  specific  properties  are  of  course 
considered  as  depending  on  this  base.     The  same  nomen- 
clature is  applied  to  all  the  permanently  elastic  fluids. 

Tlie  transition  of  bodies  into  the  state  of  vapour  is  much 
kifluaioed  by  mechanical  pressure,  which,  resisting  expan^p 
flon,  eounteracts  that  enlargement  of  the  distance  between 
die  particles  at  which  cohesive  attraction  ceases  to  be 
exerted.  H^ice  the  variations  in  the  boiling  point  of 
Squids,  according  to  the  pressure  under  which  heat  is  ap^ 
plied  to  them.  Water,  under  the  usual  atmospheric  pres- 
SDre,  boils  at  212^ ;  when  that  pressure  is  withdrawn  to  a 
great  extent,  it  boib  at  180^  :  if^  on  the  contrary,  it  be 
heated  under  increased  pressure,  its  temperature  may  be 
much  elevated ;  in  a  metallic  vessdi  it  has  been  heated 
even  to  400^,  luid  has  still  remained  in  the  liquid  form. 
Hence  too,  under  an  entire  absence  of  pressure,  every  U- 
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.    quid  evaporates^  the  quantity  being  less  a8~it  is  less*  Tofai« 
.  tile.     Even  quicksilver,  which  is  one  of  the  least  volatSe^ 
there  is  reason  to  believe  passes  into  vapour  in  the  Tor* 
ricelUan  vacuum. 

The  transition  into  vapour  b  dependent  thus  uhiinatcljf 
on  temperature^  but  it  is  also  much  influenced  fay  ptes- 
sure$  and  in  those  cases  where  a  high  temperature  u  re- 
^piired,  the  change  is  not  limited  to  one  point,  but  takes 
place  more  or  less  considerably  through  a  conaideraUe 
range,  less  "being  formed  as  the  temperature  is  kyw,  and 
.  less  too  as  the  pressure  is  greater.  Hence  the  quantity  of. 
vapour  which  rises  fropi  a  Hqoid  is  very  variable  under 
these  circumstances.  Mr  Dalton,  from  an  experimental 
investigation,  found,  that  the  vapour  rising  from  water, 
and  remaining  in  contact  with  it  at  the  temperature  of 
212^,  sustains  a  column  of  mercury  30  inches  in  height, 
or,  under  these  circumstances,  such  a  quantity  of  vapour  is 
formed  as  exerts  this  force :  at  122^,  or  the  mean  between 
212°  and  32,  it  sustains  a  column  equal  to  3.5  inches,  and 
at  32  it  is  equal  to  .02  inches.  He  farther  investigated 
the  elastic  forces  of  the  vapours  from  other  liquids,  these  of 
course  being  greater  as  the  liquid  is  more  volatile  ;  and 
-  from  these  researches  he  concluded,  that  **  the  force  of 
vapour  from  all  liquids  is  the  same  at  equal  distanoegy 
above  or  below  the  several  temperatures  at  which  they 
boil  in  the  open  air ;"  so  that  the  forces  being  known  with 

• 

regard  to  one  substance,  and  the  temperatures  at  which 
others  boil  being  ascertained,  compared  with  this,  ilne 
vapour  formed  from  each,  measured  by  its  elasticity,  may 
be  discovered.    More  lately  Mr  Dakon  has  inferred,  that 
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afl  Vi^MMirs  in  contact  with  their  respective  liqpiids,  if  these 
are  h(»nogeneoi]s,  increase  in  elastic  fcnrce  in  geometrical 
progression  to  the  temperature ;  the  tanperature,  howev^yi 
being  measured  by  a  scale,  divided  on  the  principle,  that 
the  expansion  of  the  thermometrical  fluid  is  as  the  iMjuare 
of  the  temperature  from  its  freezing  point, — a  conclusion  of 
course  resting  altogether  on  the  truth  of  this  assumption. 
.An  absorptkm  of  caloric,  producing  no  augmentation 
of  temperature,  attends  vaporization,  as  well  as  liquefaction, 
important  general  fact,  to  be  afterwards  considered.  > 


From  the  different  tendencies  which  bodies  have  to 
pass  into  vapour,  we  are  epabled  to  separate  them  firom. 
each  other  when  they  have  been  combined,  or  when  they 
become  products  of  chemical  action;  and  peculiar  ar- 
rangements being-  requisite  for  this  purpose,  constitute 
several  diemical  operations  relative  to  vaporization,  the 
consideration  of  which,  with  the  description  of  the  appa- 
ntii.  in  which  they  are  performed,  belongs  to  this  section. 

When  heat  is  applied  to  recover  a  solid  substance  dis*  ^ 
solved  in  a  fluid,  without  any  arrangement  being  made  to 
coUeCt  the  fluid,  the  operation,  which  is  named  Evapora-  , 
tion,  is  performed  in  shallow  vessels,  which,  presenting  an  ^ 
extensive  surface,  proportioned  to.  the  depth  of  Uquor,  al- 
low  it  to  be  quickly  heated,  and  the  v^)our  to  esci^ 
without  any  resistance.  These  vessels  are  of  glass,  earthen* 
vare,  or  metal,  according  to  the  nature  of  the  substaiK^i. 
•perated  on>  and  the  degree  of  heat  which  is  to  be  ap* 
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jilieiL  In  chgmical  caqperimaiits  oa  a  sniall  8cale»  fataoof 
of  gifuiy  or  of  Wedgwood's  eartheo-ware,  soBielimei  alio 
of  fliker  or  platuuif  are  used,  the  lieat  being  apfiliecl  bgr 
the  medium  of  a  saadrbath.  In  pbannacy  and  tbe  artay 
they  are  more  frecjuently  oonstmcted  of  iron  or  kad^  and 
die  keal  is  directly  a{^ed« 

When  the  object  is  to  obtain  the  vdatUe  matUr  fay 
evaporation,  it  is  carried  on  in  dose  vessels,  conatracted 
so  as  to  collect  and  condense  the  viqiaiir.  This  opeiralion 
is  named  Distiliation*  Di£ferent  kinds  of  distilling  appa- 
ratus are  employed,  adapted  to  different  purposes. 

Where  the  process  is  conducted  on  a  large  scale,  as  ii^ 
the  distillation  of  ardent  spirits,  the  common  still,  made 
generally  of  copper, .is  employed.  The  constxuctiim  of 
this  has  usually  beoi  extremely  &ulty.  Being  mode  of  a 
considerable  dept^  pnqxirtioned  to  its  diameter,  a  laige 
body  (^Uquor  is  to  be  heated,  while  comparatively  a  small 
anrfiioe  is  exposed  to  the  fire,  and  henee  a  waste  of  hait^ 
And  the  tube  issuing  &om  the  head  of  the  still,  and  cson* 
veying  the  vapour  into  the  spiral  tube  placed  in  the  jw£ci* 
geratory,  being  generally  narrow,  the  vapour  is  retardcdf 
and  by  its  pressure  on  the  liquor  opposes  the  evaporation. 
In  this  country  die  oonstruction  oi  the  common  still  has, 
within  these  &w  years,  received  great  improvements^  by 
the  sldKiil  applicadon  of  the  principles  which  regulate  disi- 
tiUation.  The  height  of  the  still  of  the  new  oonstractUMi 
is  ioconsiderable,  compared  with  its  diameter,  and  the 
tube  is  J60  wide  that  a  free  escape  is  allowed  to  tl^  va^ 
pour  I  the  distillation  is  thus  performed  with  a  rapidity 
which  would  formerly  have  been  diought  impracticable* 
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In  the  greatar  numb^  of  chemical  operadoOBf  metaUk: 
vewds  are  liaUe  to  be  acted  on,  and  henoe  glaas  or  earths 
en  TefMids  generally  r^cjui^  to  be  employed  in  di8tiflnlien> 
The  Retort  or  conical  bottle,  the  nedk  of  which  ii  bMb  at 
an  angle  of  about  60  degrees  A,  adapted  to  a  reeeivar  Bt 
(Fig.  1.  Plate  I.)  is  the  most  ccmvenient  apparatus  of  t^ 
kukL  Sometimes  it  is  cony^ii^it  to  have  it  tiibuhitedy  as 
in  Fig.  2.  A»  and  to  have  the  ^stance  between  it  an4  the 
reodver  increased,  so  that  die  latter  may  be  kept  s^- 
ciently  cool*  by  an  intermediate  tube  or  adopter  B.  The 
heat  is  applied  to  it  by  the  medium  of  a  water«bath  or 
sand-bath. 

In  some  cases  of  distillation,  the  product  is  not  entirely 
a  Yi^ur,  which  may  be  condensed,  but  there  is  disen-*. 
gaged  an  elastic  fluid,  which  is  incondensiUe*  The  re- 
ceiver having  a  bent  tube  issuing  froqi  it,  represented  by 
C|  Fig.  2.  is  employed  in  this  case ;  the  condensifaie  part  of 
the  product  is  collected  in  the  body  <^  the  receiver,  and 
the  dastic  product  issuing  through  the  tube^  which  termi- 
nates in  a  vessel  of  water,  may  be  collected  in  an  inverted 
bottle  or  jar. 

In  certain  cases,  the  product  designed  tp  be  obtained  by 
difltillati(m»  is  an  dastic  fluid,  not  oondi^isible  by  itself, 
but  capaUe  of  bdng  condensed  by  being  transmitted 
through  water.  The  ^parotus  invented  by  WooUe,  Fig* 
S.  is  employed  for  this  purpose.  It  consists  of  a  series  of 
bottles,  A,  B,  C,  D,  connected  with  each  other  by  bent 
tubes,  and  connected  with  a  retort  generally  by  the  me- 
dium of  an  adopter.  The  first  bottle  A  is  designed  to 
collect  any  condeiisible  part  of  the  product     In  the  other 
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bottles  water  is  placed  lo  nenfyooeJuiIf  their  heij^it,  repi^ 
centodin  the  figure  by  the  doited  liBe,  and  the  tubepaflsing 
fiKxm  the  one  into  the  other,  dips  into  the  water  <^thebot» 
,t)e  into  which  it  is  inserted.  The  gasooas  product  is  thm 
transmitted  through  the  water,  by  which  its  absorption  is 
promoted  $  and  if  any  portion  is  not  absorbed  by  tlie  wis* 
ter,  it  passes  off  by  the  bent  tube  at  the  end,  and  may  be 
collected  in  an  inverted  jar,  in  a  trough  of  water.  Each 
of  4he  bottles  except  the  first  has  a  straight  tube,  whidi 
rises  to  the  height  of  8,  10  or  12  inches  above  its  insertion 
into  the  bottle,  and  passes  so  far  within  it  as  to  dip  in  the 
water  nearly  half  an  inch.  This  tube  is  termed  the  tabe 
of  safety,  and  the  use  of  it  is  to  guard  against  that  reflf^ 
of  fluid  which  might  happen  from  a  partial  vacuum  arising 
from  condensation  in  any  of  ike  bottks,  the  air  havinc 
been  expelled  at  the  b^inning  of  the  operation,  and  its 
place  supplied  by  vapour,  which  is  liable  to  condense ;  the 
.ccmsequrcnce  of  this  would  be,  that  the  water  being  more 
pressed  on  by  the  atmospheric  air  without,  than  by  the 
gas  within,  would  pass  backwards  from  one  bottle  to  an- 
other, by  rising  through  the  tubes,  as  from  D  to  C  iftid 
from  C  to  B,  and  thus  the  whole  would  be  mingled  toge- 
ther. It  is  prevented  by  the  tubes  of  safe,^,  as,  when  any 
such  partial  vacuum  happens,  the  atmospheric  air  is  forced 
through  the  small  quantity  of  liqyid  in  which  they  are  im- 
mersed,  and  rising  into  the  bottles,  preserves  the  equili- 
brium. 

Various  improvements-  have  been  made  in  tliis  appa^^ii- 
tus.  One  defect  in  it  is,  tliat  we  cannot  have  the  advan* 
tngc  of  the  immersion  of  the  tube  which  comes  from  th«^ 
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Snt  botde  A  into  the  liquid  in  the  second  B ;  for  as  it  is- 
designed  to  collect  the  condensible  product,  and  oug^t. 
therefore  to  be  without  water,  it  can  have  no  tube  of  safe- 
ty;  and  hence,  if  the  tube  issuing  from  it  dip  into  the  li- 
quid  in  the  second,  whenever  condensation  happens,  from 
the  gas  ceasing  to  be  produced,  the  liquor  will  pass  back- 
wards into  it*  Tlie  contrivance  that  has  be^i  used  to  ob- 
viate this,  is  the  tube  of  safety  of  Welther,  or  bent  tube 
with  an  additional  curvature,  and  a  q>herical  ball,  reprer 
sented  Fig.  4,  as  intermediate  between  the  globular  re- 
cover A,  and^he  common  Woolfe's  bottle  B,  and  con- 
necting them.  In  this  is  put  a  small  quantity  of  water,  so 
Bs  to  rise,  when  the  pressure  without,  and  within  is  equal, 
about  halfway  into  the  balU  If  the  elasticity  is  increased 
in  the  internal  part  of  the  appai*atu8,  during  the  distiUa- 
tion,  by  the  production  of  gas,  the  water  is  pressed  up- 
wards to  the  funnel  at  the  top ;  if  there  is  a  condensation, 
it  is  forced  by  the  atmospheric  pressure  into  the  ball,  but 
whenever  it  has  piused  the  curvature  beneath  the  ball,  it 
is  obvious  that  a  portion  of  air  must  rise  through  it,  and 
will  pass  into  the  globe  or  bottle,  to  the  tube  of  which  it  is 
adapts,  and  preserve  the  equilibrium.  This  tube  is  ra- 
ther inconvenient  in  its  .form,  and  liable  to  be  broken, 
and  we  can  employ  no  great  pressure  with  it.  A  sfanpler 
contrivance,  not  liable  to  these  inconveniences,  is,  having 
merely  a  spherical  ball  in  the  long  1^  of  the  common 
beDt4;ube,  of  such  a  size,  that  when  the  liquid  in  which 
the  extremity  of  the  tube  dips,  rises  into  it,  this  extremity 
vill  IK)  longer  be  immersed,  but  a  portiwiifpif  the  air  will 

H2 


116  OF  CALORIC. 

eater.    The  form  of  this  is  repr^soited  in  the  tube  which 
oetties  fttHQA  the  bottle  B,  Fig.  4*« 

Another    imperfection    which    attends    the    cmBitton 
WoeUe's  apparatus,  is  the  dif&ciilty  of  adiqitmg  the  tubes 
1^  grinding*  so  that  it  is  necessary  to  sieeure  the  joinuigs 
by  hite.    I  have  sought  to  remedy  tfiisi  by  hiivmg  a  tube 
fit^  or  scdd^red  wh^ii  the  botde  is  mode*  into  that  orififce 
i^ilo  iiAich  the  I^ig  leg  of  the  txdtne  from  the  preceding 
bottle  is  to  ent^,  of  sttch  a  lehgtih  that  it  is  immdiied  in 
the  liquor  Within  the  bottle,  and  the  tube  which  enters  it 
hanng  a  very  slight  curvature  at  its  extrt-^mity^  the  gas 
whi'di  it  conveys  is  propeOcd  forward,  rises  through  die 
wf^:er>  and  passes  into  the  next  bottle ;  and  as  there  is  no 
diffitulty  jb  grinding  the  tubes  into  the  bottles j^/iom  which 
they  issue*  the  whok  apparatus  is  easily  constructed  with« 
out  &e  necessity  of  lute.     Hiere  is  another  form,  of  appa- 
ratus which  has  likewise  this  advantage,  in  wlilcb,  instead 
of  bottles,  globes  aro  employed,  from  which  a  Uibe  isscies* 
straigiit  at  tiie  neck,  so  that  it  can  be  fitted  by  grinding 
into  the  neck  of  the  globe  into  which  it  enters*  but  having 
such  a  cum^uare,  that  the  extremity  of  it  dips  into  the  li^ 
i|iud  wluch  this  globe  contains.   Tins,  which  is  the  best  of 
these  forms  ^a|qpiaratus,  is  represented  Fig.  5. 

A  liquid  obtmned  by  distiUa^tion  is  sometimes  not  per- 
fectly pure*  or  it  is  dilute  from  the  intermixture  of  Water 
that  has  been  elevated  in  vapour  along  with  it.  By  re^ 
peatihg  tlie  distillation  of  it  a  second  or  third  time*  it  is 
rendered  mere  pure  and  strong :  and  the  process  is  then 
named  Recti^<»tion*  or  sometimes  Concentration. 
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WlicQ  the  product  of  volatilization  is  a  substance  which 
eondcnses  in  the  solid  foim,  the  process  is  named  Subli- 
mation ;  and  as  sudi  products  are  in  geii^ral  easily  coii- 
densed»  a  simple  apparatus  only  is  required.  The  alem- 
bic with  its  capital,  Fig.  18.  PL  III.  is  generally  psed. 
The  alembic  A  is.marely  a  conical  shaped  vessel  of  glass, 
in  which  the  materials  ai*e  put,  and  exposed  to  heat  in  a 
sand-bath,  the  sublimate  condensing -in  the  upper  part  of 
it,  and  forming  a  crust  on  its  sides.  The  capital  B  is  &- 
dapted  to  its  mouth  to  prevent  the  escape  of  the  vapour ; 
a  sfaeiH  ^oove  or  channel  runs  in  tlie  under  part,  termi- 
nating in  a  tube  projecting  firom  it,  by  which  any  liquid  is 
collected  and  prevented  from  running  down  or  dropping 
on  the  sides  of  the  alemlnc. 

A  peculiar  apparatus  is  required  for  operating  on  aerial 
fluids,  which  remains  to  be  described* 

The  Pneumatic  Trough  is  the  principal  part  oi  this  ap- 
{^aratus.  It  is  a  trough,  made  of  wood,  lined  with  lead, 
generally  of  an  oval  form,  about  6  inches  deep,  from  20  to 
S4  in  length,  ahd  at  the  greatest  breadth  15  inches;  a 
moveable  shelf  being  placed  in  it,  at  the  d^h  of  2  inches 
from  the  edge,  in  the  longest  direction,  so  as  to  occupy 
one-half  of  the  breadth,  as  is  represented  in  Fig.  7.  If  a 
glass  jar  be  filled  with  water,  and  placed  inverted  on  this 
shelf,  the  trough  being  filled  with  water  to  the  edge,  it  is 
obvious  that  the  mouth  of  the  inverted  jar  being  sur- 
rounded with  water,  the  water  within  it  will  be  sustained 
by  the  pressure  of  the  atmosphere.  If,  while  thus  filled, 
the  extremity  of  a  retort,  disenga^ng  gas,  be  placed  under 
it,  as  represented  Fig  6.  or  if  another  inverted  jar,  con- 
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tainmg  any  air,  be  turned  up>  under  the  mouth  of  it*  ad- 
vanced a  Uttle  over  the  sheU,  the  elastic  fluid  rises  through 
the  water,  displaces  it,  and  is  collected  in  the  jar ;  and , 
whOe  tne  mouth  of  this  jar  continues  surrounded  with  wa- 
ter, the  included  air  cannot  escape,  nor  will  the  atmosphe- 
ric air  find  access  to  it.  In  t)us  way,  aeriform  fluids  can 
be  collected,  preserved,  and  easily  submitted  to  expeti- 
*  ment.  Some  of  them,  .however,  are  rapidly  abscHrbed  by 
water.  These  must  be  received  and  kept  over  quick- 
silvery  and  as  this  fluid  is  expensive,  and  inconvenient 
from  its  weight,  a  smaller  trough  is  employed,  either  hol- 
lowed out  of  marble,  or  of  a  solid  block  of  hard  wood<s 
This  is  represented  Fig.  8.  with  an  addition  which  is  con- 
venient,— a  small  rod  fixed  in  the  wooden  standard  on 
which  the  trough  is  placed,  which,  by  a  ring  attached  to 
it  by  a  sUding  arm,  serves  to  support,  without  any  risk» 
the  jar  filled  with  quicksilver,  and  placed  on  the  shelf. 

llie  other  principal  part  of  the  apparatus,  for  operating 
on  the  gase9,  is  the  Gazometer,  designed  to  contain  gases, 
so  that  measured  quantities  can  be  withdrawn.  One  of 
the  most  simple  forms  of  it,  and  which  answers  sufficient- 
ly for  all  common  experiments,  is  that  represented  Fig.  15. 
It  is  made  of  tinned  iron,  the  surfaces  of  which  are  japan- 
ned, and  consists  of  two  principal  parts ;  a  vessel  A,  somer^ 
what  bell-shaped,  which  is  designed  to  ^ntain  the  gas, 
and  a  cylindrical  vessel  of  rather  greater  depth,  B,  in 
which  the  former  is  placed,  and  which  is  designed  to  con- 
tain the  water  by  which  the  gas  is  confined.  To  diminish, 
however,  the  quantity  of  water,  this  cylindrical  vessel  has 
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t  ooiie  wkhih  it,  ako  of  japanned  tinned^iron,  C,  adapted 
to  the  timpe  of  the  gas-jbtclder,  ao  that  this  latter,  when 
{Nished  down,  slides  between  this  and  the  cylindrical  ves« 
sel,  and  a  small  quantity  of  water  fills  up  the  q>ace  between 
them*  The  vessel  designed  to  contain  the  gas,  is  suspend- 
ed by  eords  hung  over  pulleys,  to  which  weights  areat- 
tachedy  «o  as  to  counterpoise  it.  From  a  stop-cock  at  the 
under  part  of  the  q[)paratus,  D,  there  runs  a  tube  under 
the  cylinder,  which  rises  and  passes  through  the  cone,  the 
opening  by  wliich  it  passes  being  soldered  so  as  to  be  air- 
tight :  it  terminated  by  an  <^^i  mouth  at  the  upper  part 
of  the  bell-shaped  vessel  A*  Tlis  tube,  at  the  part  where 
it  is  ben^  at  right  angles,  to  ascend  as  has  been  describied, 
is  connected  with  another  which  also  *nins  under  the  bot- 
tom^  and  ascends  on  the  outside,  terminating  in  the  stop- 
cock £,  so  that  from  the  one  8t(q)-cock  to  the  other, 
through  the  gas-holder,  there  is  an  uninterrupted  {Muwage* 
When  the  instrument  is  to  be  used,  the  stopcock  £  is 
4)pened,  and  the  vessel  A  pressed  down,  a  sufficient  quan- 
tity of  water  beipg  in  the  out^  cylinder ;  the  air  of  the 
vessel  is  jbrced  out  by  the  pressure,  and  its  place  is  occu- 
pied by  tbe  water  in  which  it  is  thus  imm^rsed^  When 
this  is  effected,  the  stop-cock  is  closed,  and  noi^,  if  we 
wish  to  introduce  any  gas  into  the  apparatus,  a  bent  iun** 
uel,  the  mouth  of  which  is  pl^oed  in  a  vessel  of  water,  is 
attached  to  the  tube  of  the  st(^p-KX)ck  D,  as  rqsreaented  in 
the  figure,  and  the  ^tpp*cock  is  ppen^  Jf  the  ei^(reinity 
of  a  retort,  or  of  a  tube  conveying  gas,  as  r^re»&ated  in 
the  figure,  terminate  bek>w  the  orifice  of  tb^  fiumel,  the 
gas  will  rise  along  the  tube,  will  ascend  to  the  top  of  the 
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gas4udder,  and  this  being  counterpoised,  will,  us  the  gas 
enters,  rise  in  the  water,  until  it  is  filled,  a  qxiantitv  of  wa- 
ter remaining  around  the  mouth  of  it,  by  which  the  air  is 
confined.  When  we  wish  to  expel  the  gas,  the  stop-cock 
at  D  is  closed,  that  at  E  is  opened,  a  flexible  tube  is  adtqit- 
ed  to  it,  and  the  gas-holder  being  pressed  down,  either  by 
the  hand,  or  by  its  own  weight  from  the  removal  of  the 
counterpoising  weights,  a  stream  of  gns  issuers  trom  the 
e^ttreniity  of  the  flexible  tube,  and  may  be  transferred  in- 
to a  jar>  or  be  aj^lied  to  any  other  purpose,  and  its  quan- 
tity may  be  measured  by  the  instrument  being  graduated 
by  a  scale  marked  on  the  brass  rod  F. 

The  instrument  connected  with  the  gazometer  in  the 
plate.  Fig.  16.  is  a  convenient  one  for  procuring  gases  from 
iiny  solid  substance,  by  the  application  of  a  strong  heat. 
It  is  an  iron  bottle  A,  into  which  is  fitted,  by  grinding,  a 
tube  bent  at  an  acute  angle.  To  this  a  smaller  tube  is 
adapted,  the  extremity  of  which  can  be  ^justed  to  various 
heights,  by  a  circular  joint  in  the  middle  of  it,  at  b.  The 
bottle  containing  the  materials  firom  which  the  elastic  fluid 
is  to  be  disengaged,  is  placed  in  a  furnace,  or  in  a  com- 
mon fire,  so  as  to  be  raised  to  a  sufficient  heat ;  the  gas  is- 
sues at  the  extremity,  and  may  be  conveyed  into  the  gar 
zometer,  or  received  in  an  inverted  jar  on  the  shelf  of  the 
pneumatic  trough.  At  the  end  of  the  operation,  the  gas 
ceofsing  to  be  produced,  as  the  heat  diminished,  the  water 
would  be  pressed  into  the  tube,  and  might  rise  into  the 
bottle,  if  the  joinings  were  not  opened.  The  easiest  way 
of  obviating  this,  is  by  having  a  small  stop-cock  in  the 
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tnbeiis  at  6)  niiicfa  may  be  opened  when  the  psroductioaof 
the  gas  has  ceased. 

When  a  gas  U  extricated,  in  consequence  of  chemical 
Action,  with  the  application  only  of  a  moderate  heat,  the 
flask  or  cucurbit,  with  a  bent  tube  ground  to  iti  Fig.  19. 
is  the  most  convenient. 

In  all  accurate  experiments  on  gases,  it  is  of  importance 
that  the  quantities  should  be  determined  with  precision ; 
and  as  to  weigh  the  gases  requires  a  very  delicate  and 
complicated  apparatus,  and  is  troublesome  in  the  execu- 
tion, chemists  measure  them  by  their  volumes,  and  find 
their  weights  by  a  reference  to  the  tables  of  their  specific 
gravities  wliich  have  been  constructed.  Hence  jars  gra^ 
duated  into  cubic  inches  and  tenths  are  convenient,  as  are 
also,  in  other  cases,  jars  graduated  into  equal  arbitrary 
parts,  as  represented  Fig.  20.  In  thus  estimating  the 
weights  of  gases  from  their  volumes,  several  circumstances 
require  to  be  attended  to,  particularly  the  temperature  and 
the  pressure.  Elastic  fluids  being  so  expansible,  it  is  ob^ 
rious  that  a  considerable  change  in  their  specific  gravity 
will  be  made,  by  a  trivial  alteration  of  temperature ;  tlie 

volumes  therefore  are  alwavs  reduced  to  the  standard  tcm* 

» 

perature  of  54f^5j  at  which  their  specific  gravities  are  as- 
certained. It  is  also  necessary  to  attend  to  th^  varying 
pressure,  whether  of  the  atmosphere,  or  of  any  fluid  in 
which  the  vessel  containing  the  gas  may  be  placed.  /Die 
Weight  of  the  gases  is  fixed  at  the  mean  barometricalpres^ 
sure  29.85  inches  of  mercury  j  and  ifthe  atmospheric  pres- 
sure vary  from  this,  the  correction  by  which  it  is  reduced 
to  the  standard  is  to  multiply  the  real  pressure,  under 
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wfaick  the  g^  is,  by  the  volume  of  the  gasy  divide  the  pfo- « 
•duct  by  the  mean  barometrical  pressure^  and  the  qiiotieiit 
is  the  volume  under  that  pressure.  The  eflbct  of  the  pres- 
sure oiibe  fluid  surrounding  the  jar,  is  most  easily  obvia^ 
ted,  by  bringing  it,  where  this  can  be  done,  to  the  same 
height  without  and  within,  or  if  not  making  the  necessary 
correction  according  Jto  its  hdght  and  specific  gnitity* 

Of  Ignition p 

The  effects  arising  iix>m  the  operation  of  Caloric,  hi- 
therto  considered,-— Expansion,  Fluidity  and  Vaporiza* 
lion,  may  be  regarded  as  difierent  d^iees  of  one  more  ge- 
neral efiecl;,— the  increase  which  it  occasions  in  the  dis- 
tances of  the  particles  of  bodies.  Ignition,  or  Incandes- 
cence^ cannpt  be  refe^ed  to  this  oiuse,  mi  it  has  a{^pa- 
rently  no  connection  with  the  others. 

By  Ignition  is  meant  that  ilfamination  or  anission  of 
light,  produced  in  bodies  by  exposing  them  to  a  high  tern-' 
perature,  aiid  which  is  not  accompanied  by  any  other  che- 
mical change.  It  is  distinguished  irom  combustion,  a  pro- 
cess in  which  there  is  also  the  emission  of  light  and  he^tf 
by  being- the  effect  of  the  high  temperature  alone;  while 
combustion  is  a  process  depe|idii)g  on  the  action  of  the 
air,  of  which  pertain  substances  oi^  are  susceptiUe,  and. 
whicht  when  the  process  has  ceased,  cannot  be  renewed  in  ' 
the  residual  matter.     Ignition  is  whoUy  independent  of  thfr 
air ;  all  bodies,  at  least  all  solid  and  liquid  substances,  are 
susceptible  of  it ;  and  if  it  has  ceased  from  a  reduction  pf 
temperature,  it  may  be  renewed  by  the  temperature  beipg 
raised. 
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I^ticm  appeaJTB  to  tak^  place  in  all  bodies  at  the  same 
temperature.  This  is  not  far  distant  from  700^  of  Fah- 
renheit. Quicksilver  boils  at  a  temperature  corresponding 
with  672*^  of  Fahrenheit,  and  it,  even  when  observed  in 
the  dark,  does  ndt  while  boiling  appear  luminous.  Dr  Ir«- 
vine^  firom  the  heat  which  iron  communicates  to  water, 
endeavoured  to  determine  the  temperature ;  the  heat  of  a 
common  fire  he  found  to  be  about  790^' ;  hence,  the  com- 
mencement of  ignition  must  be  between  tliis  and  the  boiU 
iug  point  of  quicksilver.  Wedgwood  had  fixed  it  at  947^, 
by  measuring  the  expansions  of  silver  in  a  pjrometrical 
gage :  these  being  probably  progressive  with  regard  to 
temperature,  would  lead  to  the  fixing  it  rather  too  high. 

In  the  first  sti^  of  ignition,  the  red  rays  of  light  only 
are  given  put ;  as  the  tempegrature  is  raised  thel^  is  an  ijo- 
termixture  of  otlicrs ;  and  at  the  highest  stage  of  igmtioii, 
there  is  the  due  proportion  which  constitutes  white  VtghU 
This  continue^  uodifninished  ats  long  as  the  temperature  b 
kept  up.  ' 

The  aeriform  fluids  cannpt  be  brought  into  a  state  of  igr 
nition,  or  rather  cannot  he  rendered  luminous,  £>r  at  the 
due  temperature  their  particles  arc  probably  ignited,  but 
from  their  Tsprity  a  sufiici^pt  number  of  rays  are  not  emit-^ 
ted  fix>m  a  giv^n  space  to  produce  the  sensation  of  vision* 
^Va.solid  body  be  suspended  ip  air  at  this  temperature,  it 
accordingly  is  soon  rendered  luminous. 

Ignition  is  produced  by  friction  and  percusssion  as  well 
as  by  the  communication  of  heat :  a  piece  of  glasp,  for  ex^ 
ample,  can  be  rendered  red  hot  by  being  pressed  against 
a  wheel  of  grit-stone  made  to  revolve  quickly ;  and  the 
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spurk  btruck  from  a  flint  by  sted  is  a  similar  example, 
llie  ignition  in  these  cases  is  probably  produced  by  the 
high  tcm^rature  which  the  attrition  or  percussion  ex* 
cites» 

The  theory  of  the  production  of  ignition  remains  ob- 
scure $  for  it  is  not  very  obvious,  how  the  raising  the  tem- 
perature of  bodies  should  cause  them  to  emit  light. 
It  has  been  suf^osed  that  the  caloric  is  converted  into 
light ;  but  we  have  no  proof  of  the  possibility  of  this  con- 
version, and,  if  it  were  possible,  no  cause  is  assigned,  why 
it  should  take  place  at  the  temperature  of  ignition.  ^ 
inore  probaUe  opinion  is,  that  the  beat,  l^  its  rqmlsive 
agency,  expels  the  light  which  the  body  contains ;  though 
with  regard  to  this,  also,  there  is  the  difficulty  of  acooimt- 
ing  for  the  emission  of  fight  for  an  unlimited  time.  Where, 
however,  the  ignition  is  excited  by  the  communication  of 
hea^,  light  is  always  communicated  at  the  same  time; 
where  it  is  excited  by  attrition  pr  percussion,  it  is  not 
proved  that  the  ignited  state  can  be  preserved  indefinite- 
ly,; and,  if  it  were,  there  is  the  same  difficulty  in  this  case 
with  regard  to  the  unlimited  evolution  of  caloric  as  of 
light.  The  subject  will  not  be  elucidatedt  until  the  relation 
between  these  two  powers,  at  present  so  obscure,  is  better 
known. 
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Sect.  llh-^Ofthe  Communication  and  Diffusion  of 

Caloric. 

All  bodies  are  permeable  to  caloric^  and  its  uniform 
tendency  is  to  diffiise  itself  over  matter,  until  an  equili« 
Wum  of  temperature  is  established.  If  a  body^  therefoire» 
at  a  high  temperature  be  placed  in  the  neighbourhood  of 
others  at  a  lower,  it^  excess  of  caloric  passes  off  £rom  it, 
until  it  arrive  «t  the  tenq)erature  of  those  around  it ;  or, 
if  a  cM  body  is  placed  among  others  that  are  hot»  it  re- 
ceives ealoric  until  its  temperature  rise  to  an  equality  with 
Adrs.  This  propagation  of  caloric  takes  place,  even 
duoug^  the  torricellian  vacuum,  and  hence  is  evidently 
principally  owing  to  its  r^ulsive  power,  though,  as  it  is 
abo  influenced  by  the  nature  of  the  medimn  in  which  it 
takes  place,  it  depends,  too,  in  part  on  some  relation  of 
the  bodies  which  receive  or  part  with  it  to  this  power. 

This  difiusion  of  cabiic  takes  place  in  two  modes. 
From  a  heated  body  a. portion  of  caloric  is  always  com- 
monicated  to  the  matter  in  contact  vnth  it,  and  is  difiiised 
durough  that  matter  with  a  certain  degree  of  cderity. 
But,  besides  this,  a  portion  is  projected  from  its  surface  in 
right  lines  with  great  velocity,  and  to  considerable  dis- 
tances. Hie  diffusion  of  caloric,  therefore,  must  be  con-- 
sidll^  under  these  two  mode^of  radiation,  and  slow  com- 
munication. 
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Of  the  Slow  Communication  of  Caloric,  . . 

Caloric,  when  communicated  by  bodies  to  the  matter 
with  which  they  are  in  contact,  is  given  out  by  them  ivhfa 
different  degrees  of  celerity,  and  is  received  by  them  with 
similar  differences.  There  is  a  similar  difference  in  tte 
celerity  with  which  it  4s  diffiised  through  them.  Some, 
therefore,  quickly  assume  the  temperature  of  the  sur- 
rounding bodies,  and  allow  of  this  temperature  being 
quickly  established  through  their  whole  mass,  wh^e  others 
do  so  much  more  slowly. 

The  property,  in  consequence  of  which,  bodies  tibas  rt- 
ceive  caloric,  allow  it  to  be  conveyed  through  their  sub- 
stance, and  part  with  it  to  others,  is  named  their  Conduct- 
ing power.  Those  which  receive  and  pmt  with  caloric 
quickly,  are  those  also  through  which  it  is  diffused  mo^jt 
speedily ;  and  they  are  considered  as  better  condactbrs 
than  those  in  which  the  same  effects  are  more  slowly  pro* 
duced.  In  this  property  ther^  are  great  differences,  there 
being  scarcely  two  bodies  irom  or  through  which  calorie 
is  commmiicated  with  equal  facility. ' 

This  property  can  scarcely  be  connected  with  Any  of 
the  physical  qualitii?s  of  bodies.  There  is,  indeed,  a  gene- 
ral relation  between  it  and  their  density ;  those  which 
are  dense,  as  the  metals,  being  the  best  conductors  $  and 
those  which  have  much  rarity  conducting  much  less 
perfectly.  But  in  examining  more  minutely  the  degrees 
of  conducting  jK)wer,  we  do  not  find  that  they  are  prcjKnr- 
tional  to  the  densities,  even  among  those  bodies  which  have 
a  similar  nature,  as  amonij  the  different  metals.     In  sub* 
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stai\ces  which  are  very  porous^  and  in  the  interstices  of 
which  a  qnantily  of  air  is  lodged,  tlie  conducting  power  is 
v€fy  imperfi^ct,  which  appears  to  be  owing  principally  to 
the  air  being  a  bad  conductor,  and  to  its  motion,  by  which 
it  might  distribute  caloric  more  quickly,  being  impeded 
by  the  force  with  which  it  is  retained. 

It  is  to  this  cause,  that  the  imperfect  conducting  power 
of  fius  flannel,  and  other  similar  substances  is  owingj  and 
OD  this  dqiends  their  utility  as  articles  of  clothing,  in  pre- 
vaoting  the  abstraction  of  warmth. 
-  To  this  difference,  too,  in  conducting  power,  is  owing 
the  diflkr^ice  in  the  sensation  either  of  heat  or  cold,  ex-^ 
cited  by  different  bodies  ^plied  to  our  organs  of  sense, 
wheii  the  thermometer  shews  their  temperature  the  same. 
Those  which  part  with  caloric  most  readily  will  be  those 
which,  when  implied  hot,  wiU  give  the  greatest  sensation  c£ 
beat ;  and  the  same  bodies,  being  those  whidi  receive  calo- 
ric most  readily,  will  be  those  which^  when  cold,Vill  ab- 
stract it  most  rapidly,  and  will  therefore  produce  in  great- 
^  intensity  the  sensation  of  cold. 

Many  use&l  applications  are  made  of  this  difference  in 
conducting  power,  as  in  the  various  arrangements  to 
prevent  the  waste  of  heat  in  chemical  operations,  or  to 
guard  against  the  effects  which  arise  from  sudden  altera- 
tions of  temperature. 

Tie  communication  of  temperature  through  liquids,  is 
much  accelerated  by  their  mobility ;  the  portion  direcdy 
receiving  heat  having  its  density  diminished,  unless  it  oc- 
cupy the  surface  changes  its  place  j  it  is  succeeded  by  an- 
other portion  heated  in  its  turn^,  and  thus  a  circulatien  i? 
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established  through  the  whole  mass  of  liquid^  by  which 
the  increased  temperature  is  much  sooner  estubliflhed 
than  it  would  be,  were  the  caloric  communicated^  as  in  to- 
Iids5  merely  from  one  particle  to  another. 

Rumford,  from  some  observations  on  the  n^idity,  of 
the  currents  in  a  liquid  heating  or  cooling,  and  on  the  dow- 
neas  with  which  a  liquid  is  heated  or  cocked  when  these 
are  prevented,  advanced  the  (pinion,  that  it  ii  by  these 
motions  that  the  imiformity  of  temperature  in  a  liquid  is 
established,  and  that  liquids  in  themselves  are  non-con- 
ductors of  caloric,  or  are  incaps^le  of  communicating  it 
from  one  particle  to  another.  In  support  of  this  opinion, 
he  brought  forward  a  series  of  experiments  designed  to 
prove  more  distinctly,  that  when  the  motions  of  a  mass  q£ 
jBuid  are  impeded,  the  transmission  of  caloric  is  extremely 
sIoDr.  He  also  endeavoured  to  establish,  what  would  hsve 
demonstrated  the  truth  of  his  opinion,  that  increased  tem- 
perature cannot  be  communicated  from  the  sur&ce  of  a  li- 
quid, downwards  to  the  rest  of  the  mass.  But,  in  all  his 
experiments,  the  results  are  either  inconclusive,  or  require 
so  many  assumptions  to  render  them  otherwise,  that  the 
opinion  remained  extremely  problematical.  The  princi- 
pal fact  from  wliicli  the  question  can  be  decided,  that  re- 
latmg  to  the  communication  of  temperature  throng  a 
fluid  from  its  upper  Surface,  has  been  made  the  subject  of 
expermient  by  various  chemists,  and  in  all  of  these  the 
communication  has  been  proved  to  take  place.  There  is 
one  source  of  fallacy,  indeed,  attending  the  experim^it, 
from  the  conducting  power  of  the  vessel  containing  die 
liquid  which  may  convey  a  portion  of  caloric,  and  cmn- 
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nf  Squids ;  and  l&e  same  eonclnsion  tbat  they  ttre  tmfy  nBK 
perfect  ooiidnct(irs>  is  probably  to  be  dnrwn  wtfli  vcgiBd^ 
id  them.  We  can  eren  observe  di£ferenoet  in  die  tte- 
dficcing  power  of  different  gases.  Thus  hmad  ab 
edndncts  calotic  better  dian  drj  asr^  and  heUce  the  gtiHdk 
ersensad<Mi  of  cold  we  e)q)erxence  from  it  when  at  m  low 
temperature.  Mr  Leslie  has  foond,  too,  that  fanfiea  cool 
With  difibrevt  d^tees  of  eelerity  in  differetot  dastis  8ub^ 
which  he  infers  is  owing  to  these  having  difierent  Gon-^. 
ducting  ik)Wer$. 

It  is  by  the  moveinaits  of  fluids  dastic  and  nooHdiMic^ 
tliat  caloric  is  distributed  with  more  uniformity  in  uture^ 
and  that  the  tem|)erature  of  the  globe  is  preserted  moine 
elq[uable  than  it  otherwise  would  be.  ^  The  atmosj^liefej 
wl^B  helited  at  the  earth's  sur&ce,  is  eitpanded,  faeooiiieB . 
lighter^  and  reeedes  from  it  to  the  upper  regiDn&  An 
ascending  current  is  thus  formed,  wherever  the  eartii  is 
much  heated,  whidi  is  re|daced  by  cold  air  flowing  at  the 
sur&ce,  and  this  prevents  that  progressive  augmentation 
of  temperatuie  whidb  would  otherwise  happeif.  The 
warm  air  is,  Srmm  the  constant  ascending  current,  prcpell- 
ed  to  roldet  regions,  where  it  yields  its  excess  of  heaiL  .  A 
similar  agency,  ;tIioii^h  to  a  less  extent,  is  cK«i;edby  tbe 
wat^  of  Ae  ocetoL  When  cooled  at  the  sur&ce,.  k  faa- 
cameR  heavier  atid  liescends ;  aad,  from  its  saline  impr^* 
nation,  this  continues  to  take  fdace  to  a  fewer  temperatore 
tfcan-ifitlirere&edi.  A  portion  ofwanner  water  of  course  a- 
scends,  andfirom  the  great  depth  of  the  ocean  this  cireuiaiioli 
.oottdtinues,  oommunicating  wanaoith^  and  the  water  at  die 
sudEsice  does  not  freeze,  except  in  latitudes  wherd  the  most 
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posite  thermom^^r  indicates  elevation  of  temperatme^  the 
air  in  it^baH  being  expiinded,  and  pressing  on  the  Iiqiuii:i» 
astociUiseittodescend.  Ifthe  hot  body  be  withdrawn^  <ir^ 
skreen  be  interposed  between  themirrorSf  the  temperature 
&lk,'  and  the  liquid  in  the  thermometer  rises  to  its  Snmlee 
height  In  thi«  experiment,  there  has  been  projected  a 
calorific  matter  from  the  heated  body,  on  the  nvatBuce  vC 
the  mirror  in  the  focus  of  which  it  is  plaeadl  this  has 
been  reflected  in  right  lines  fi*om  the  sur&ce  of  this  mir- 
ror to  the  one  opposed  to  it,  it  is  again  reflected  firom  the 
surface  of  that  mirror,  and  is  collected  in  its  focus  where 
it  produces  a  heating  eflfect 

The  efiect  is  similar  with  a  sin^e  mirror.  If  a  hot  bo-^ 
dy  be  placed  before  its  concave  surface,  at  the  distance  of 
a  few  feet,  and  a  thermometer  be  plax^d  in  its  focus,  rays 
«  of  caloric  are  projected  firom  the  hot  body,  and  are  re- 
flected from  the  surface  of  the  mirror  on  the  thermometer, 
producing  elevation  of  temperature. 

That  it  is  not  the  contiguity  of  the  hot  body  to  the 
thermometer  that  produces  the  efiect  in  these  experiments^ 
is  well  shewn,  not  only  by  the  distance  at  which  it  hap- 
pens, but  also  by  moving  the  thermometer  a  little  out  of 
the  focus,  even  nigher  to  the  heated  surface,  when  it& 
temperature^  if  it  had  been  previously  raised,  immediatdjr 
falls.  '     ,. 

The  rise  of  temperature  produced  by  this  radiation  i% 

'  greater,  the  hotter  the  body  is  fi-om  which  it  takes  place. 

In  using  the  apparatus  of  the  douUe  mirrors,  and  placing 

in  the  focus  of  one  of  them  a  ball  of  iron,  two  inches  in 

diameter,  at  an  obscure  red  l\eat,  the  elevation  produced 
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in  a  tb^nnonieter^  in  the^focuB  of  the  otker  mirror,  at  the 
distance  of  12  feet,  is,  equal  to  about  20  >d^;ree8  df  Fah» 
vwheit^B  scale.  IVom  a  ^ass  matrass,  containing  about 
^oounocs^f  water  boiling,  it  does  not  exceed  three  de* 
gr^es.  r  ISram  burning  charcoal,-  the  heat  is  such,  that  it 
can  set  fire  to  a  burning  body  at  the  distance  4>f  sevend 

The  veloeitjr  with  which  radiant  caloric  moves,  is  not 
capaUe  of  bdng  measured  at  any  distance  at  which  we 
can  make  the  experiment.  In  an  experiment  by  Pictet, 
the  dSsct  appeaated  instantaneous  at  the  distance  of  69 
feet.  It  appears  to  pass  through  the  atmosphere  without 
ii^«rru|)tion  ;  nor,  according  to  Scheele's  experiments,  is 
its  dinectipn  changed  by  a  current  of  air.  It  is  stepped, 
however,  fay  liquids,  eVen  the  most  trani^arent. 

Glass  also  intercepts  a  large  portion  of  it.    If  a  plate  of 
clear  glass  be  interposed  half  way  between  the  two  mir- 
rors, a  hot  body  being  in  the  focus  of  the  one,  and  the 
ball  of  a  thermometer  in  the  focus  of  the  other,  the  e£S^t 
on  the  thermometer  is  nearly  entirely  intercepted.     The 
rays  <^  caloric  thrown  on  the  glass,  instead  of  passing 
through  it,  are  absorbed  by  it.     This  insult  a£Pords  a  me- 
thod of  separating  the  rays  of  ^caloric  £rom  the  rays  of 
light,  when  th^  accompany  each  other.    Thus,  if  a  burn- 
ing candle  be  placed  in  the  focgs  of  the  mirror,  and  a ' 
plate  of  glass  interposed,  a  luminous  image  is  formed  on 
the  ball  of  the  thermoineter  in  the  opposite  focus,  from 
the  light  passing  throu^  the  glass,  but  the  calorific  efieot 
^8  greatty  diminished,  by  the  xays  of  caloric  being  arrest* 
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tweenTadsaat  caloric -mdlighU  .:i. 

^  fiome  boitte»Are«0re  dii^icwed  to  fniiiorb  JvdimljMbK 
lie  ifaiai  odieEi,  and  kfiiiee  are  anoch  mtme  hm(tad= Ay.  jiU 
Bcbedeobtenred^  thai 'when  ja^^ass  ninror  ia/nacd  iiMlaail 
of  a metallic^imey  tthe  iheat  is  notiacflccted».bgt  is  afawrbed 
and  Retained  by  the  ^ass ;  and  the  reaub  ia  8imilar»  j£  ji 
metallic  mirror  have  it»  jmp&ce  :bbudLcned.  iFietet  fimnd^ 
that  when  ihe^Iais  bulbof  tbeihermomeltr  is  idaokiDadf 
it  i»  conaiderabfy  more  heated  thanivfaeii  it  ja  daasL  But 
if  the  bdb  be  covered  with  tiiK{eal»  i3b^  snfftme  happa^iOt 
the  dbration  of  temperature  is  .ramdi  leas  than  wben  ibe 
dajss  buib  is  opposed  lo  the  minxM'. 

.Therpower  of  Teflectingithe  n^  of  caloric  is  of  oomfse 
the  reverse  of  the  .afaaorbing  power.  Metals  refleatnost 
perfisctly,  hence  the  calorific  e&ct  is  greatest  in  these  ex- 
periments .Tdien  metalHc  mirrors  are  empkyed;  it  isiless 
mth  a  glass  imrror*  and  is  scarcely  sensible  when  the  snr- 
£iee  is  blackened.  It  is,  for  the  same  reason,  :least  when 
the  ball  of  the  thermometer  has  a  ;metallic  surfiuse,  is 
greater  when  of  glass,  and  adlligreater  when  blackened* 

An  important  difference  eiuBts  mmong  bodies  in  the 
power  t>ffradiating  caloric,  the  <]piantity -thrown  from  .dif- 
ferent kinds  £»f  sur&oes  :at  the  same  tenqperature  bsiBg 
very  difibrent.  For  tho^owlodge  efthis,  we  are  inddit- 
ed  to  Mr  Leslie.  The  apparatus  he  employed  to  deter- 
mmeitis^erysinqple.  It  is  a^iaoister  of  tinnediroain 
the  form  of  a  cube^  the  ^de  ;being  ;six  or  eight  inches 
sipiare ;  this  is- filled  witiihot  ^water,  a  thermometer:  bring 
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meiit  were  accurate,  prdved,  that  these  ca]orifio'«6kr-ra)F9 
at  least  ate  subject  to  refraction.  He  farther  submitted  to 
experiment,  the  radiant  caloric  projected  from  heated 
bodies ;  and  he  found  them  to  be  refiracted  by  a  lens,  and 
in  the  spot  where  they  were  collected  by  the  refracdon,  to 
produce,  a  heating  eiFect. 

Mr  Leslie  observed,  that  a  considerable  aberration  hap- 
pens in  the, reflection  of  heat ;  hence,  when  reflected  from 
a  mirror,  the  maximum  of  heat  is  not  in  the  true  focns, 
but  is  found  to  be  considerabfy  nearer  to  the  sorfece  of 
the  mirrior. 

If  the  experiments  of  Herschel  be  admitted  as  accnrale, 
they'establish  the  important  discovery,  that  radiant  calo-^ 
ric  exists  in  the  rays  fit)m  the  sun,  and  that  on  this  <fe* 
pends  their  heating  power.  In  decomposing  the  sokr 
beam  by  transmission  through  a  triangular  glass  prism,  iti 
is  reserved  into  different  coloured  rays,  and  these  HehK^hel 
found  were  possessed  of  different  degrees  of  heating  power, 
the  violet  ray,  which  is  the  most  refrangiUe,  and  which 
bounds  the  coloured  spectrum  on  one  side,  being  least 
powerful  in  exciting  heat ;  and  the  calorific  power,  in- 
creasing towards  the  other  side,  bounded  by  the  red  ray> 
which  far  exceeds  the  others  in  heating  power. 

All  this,  however,  might  be  considered  as  arising  from 
a  diversity  of  heating  power  in  the  visible  rays  of  light  5 
but  Herschel  farther  found,  that  calorific  rays  which  pro- 
duce no  illumination  exist  in  the  solar  beam,  which  being 
less  refrangible  than  any  of  the  rays  of  light,  occupy  a 
space  beyond  the  red  ray,  when  the  entire  beam  is  decom- 
posed by  the  prism.     In  this  space,  to  the  extent  even  of 
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ed}  WlifM; iii  die  Ailim of  B^aat €ak)r^ 
jry  CAB  be  given  ofA»  phenomena  it  displays  ?- 

lliese  idieooioeiia  ufpesand  to  prove  the  egirtenceef 
ft  subtle  cdocific  matter,  projected  firoin  keeled -bodies^ 
'  capeUe  o£  moving  in  r^ht  lines  wit)i  velocity,  and  -obey- 
ing bws  <^  motion  similar  to  those  of  Mghti  and  tUs  eon^ 
dbsion  was  according^  generally  drawn  apod  SBoeiired. 
Mt  he^Sudf  however,  advanced  a  difierent  hjpothensi  liie 
ammnedt  calorific  ^nanation  he  supposed  to  he  pi*opBgi^ 
ted  entireljr  bjr  the  mediuift  of  the  air.    The  hastod  smp- 

I 

&ce^  acQQirding  to-his  view,  communicates  increased  tem- 
peratiure  to  the  portion  of  air  in  contact  with  it,  this  layer 
of  air  is  expanded,  and  presses  on  the  portion  immediate- 
ly before  it.  This  is  successive^,  but  rspidly  renewsed  { 
a  chain  of  undulations  is  propagated  from  the  healed  isur«- 
&ce  to  the  mirror,  reflected  and^concentrated  in  its  fccm, 
and  each  pulsation  being  accompanied^  aocordii^  to  Ae 
hypothesis,  with  a  discharge  of  the  caloric  by  which  the 
expansion  exciting  it  had  been  produced  y  the  whole  is 
4:ransported  with  the  velocity  of  these  undulaticms,  and  die 
calorific  efiect  is  obtained  where  they  are  ccmcentratad  on 
a  soMd  substaacet  The  degree  of  heat  ezdted  ilnUDl,  of 
course,  be  greater  as  the  temperature  of  the  sur&ce  com* 
municating  k  is  gifeater.  And  the  diversity  in  the  eflbct 
fiom  different  kinds  of  surface  at  the  sam/e  temperature, 
Mr  Leslie  explains  by  ihe  hypothesis,  that  they  admit  of 
a  mcNre  or  less  perfect  contact  of  the  atmospheric  air; 
-those  with  which  the  air  comes  into  closest  contact,  and 
this,  of  course,  is  sujqposed  to  be  the  case  with  the 
blackened  surface,  conmiunicating  the  largest  quantity  c^ 


/ 
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tliose  which  allow  a  certain  degree  of  heating  effect  4:0 
be  produced  on  the  thermometer  ought  to  be  the  aame 
al  whatever  distance  it  is  placed  from  the  heated  surfiwe, 
while  the  fact  is,  that  it  is  much  dependent  on  its  conti- 
guity to  it.     They  therefinre,  Mr  Leslie  oonceivet,  esta- 
blish the  conclusion,  that  these  sloreens,  in  every  caae,-  ar- 
rest the  radiant  cal(M*ic,  aqd  that  where  any  effsct  is  |^n>- 
duced  on  the  thermomet^,  this  is  to  be  ascribed  to  tlie 
interposed  skreen  acquiring  heat,  and  being  thus  enahted 
to  display  the  same  action  as  a  similar  radiating  surfiM^ 
would  do  at  the  same  temperature.     Accordin^y,  when  a 
^een  is  employed  which  is  not  much  disposed  to  receive 
radiant  caloric  on  the  one  hand,  or  to  radiate  it  on  the 
odier,  as  one  of  metal,  no  effect  is  produced ;  or  if  the 
skreen  is  such,  that  its  temperature  cannot  be  raised,  as  is 
the  case  for  e^amjde  wi&  a  plate  of  ice,  there  is  also  no 
effect  -J  but,  if  the  skreen  be  of  a  substance  disposed  both 
to  absorb  and  radiate  caloric,  as  in  the  case  with  glass  or 
paper,  Ihen  a  certain  effect  will  be  produced,  the  side 
next  to  the  hot  body  arresting  the  calorific  radiation  and 
having  its  temperature  raised,  and  the  other  radiating 
proportional  to  this  rise  of  temperature,  —  and  this,  of 
course,  will  be  greater  the  nigher  the  skreen  is  to  the  heat* 
ed  body. 

Now  this  effect  of  these  interposed  skreens,  Mr  Leslie 
farther  conceives,  can  only  be  explained  on  the  supposi- 
tion that  the  air  is  the  vehicle  of  the  communication  as  al- 
ready expired,  the  skreen  arresting  the  chian  of  pulsa- 
tions, and  acquiring  in  its  turn  to  a  certain  extent  the 
power  of  transmitting  these  pulsations  with  the  accompany- 
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8  i^ecies  of Ii{^  Dr  HuiUmy  BsmmmgihiXibBhmting 
powers  of  the  different  qpeoies  of  Tiabk  light  iBore  not  pio^ 
pordoiiial  Xq  their  power  of  exdting  yitkniy  M^poied  thtte 
Itii^t  be  a  species  of  B^  capaMe  of  egriting  temper  aiiine 
without  eauiting  this  sensstioii,  and  sudi  he  ooiifieiTcd'  f* 
bethenatoreof  radnrnt  cabric  There  appeartlidfefiMai* 
datien  for  this  hypothesis.  Sofitf  asrwvcantnne^nldttaif^ 
caloric  has  all  thf  properties  of  caknic  oonreyed  fay  Am 
emimnmiifigtioii^  and  the  mere  ehreumstanee  of  its  'iissHinliig' 
a  state  of  projectile  motion^  ifit  aotoalfy  do  so,  isinsoffiGMt 
to  identify  it  with  light.  It  exerts  none  of  the  gK^wwtfT^ 
agencies  of  light  And  the  very  faasisof  the  hypothen  hr 
sttbTerted;  for,  as  is  afterwards  to  be  stated,  it  is  unottrtoia 
if  any  o£  the  rays  of  light  apart  from  calone  hanfo  ^ 
heating  power. 


f     r- 


■.'  It  is  an  interesting  object  of  investigation,  ^ribat  is  the 
idation  subsisting  bel^ween  those  two  niodea  in  tfUcb 
caloric  is  discharged  from  bodies,  that  by  radiatidn^  and 
that  by  slow  communication  ?  There  sppeors,  in  genend, 
reason  to  infisr,  that  those  which  at  a  given  tempersiiitia 
give,  off  most  caloric  by  communication,  discharge  leistby 
radiation^  and  xiice  versa^ — ^metals,  fiir  example^  rodiBtaig 
imperfect^,  while  they  yield  caloric  readify  by  coBuntHtiea^ 
tion,  while  glass  is,  with  regard  to  these  properties^  pi^ 
cisely  the  reverse. 

An  inquiry  of  equal  importance  is,  what  prqportioii  d«a 
the  caloric  discharged  by  radiation  from  a  body  sQ&i&g 
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water  cook  more  quickly  in  a  metalHc  remd,  the  ontaide 
of  which  is  blackened^  coated  with  vamish,  or  even  ooY«r- 
ed  with  linen,  than  when  clean  and  polished.  Henoe;»  in 
conducting  the  process  of  artificial  refirigeration)  vesads 
with  such  coatings  will  allow  it  to  be  performed  most  quick- 
ly ;  for  the  same  reason,  where  the  ol^gect  is  to  condense 
vapour  or  steam,  as,  for  example,  in  iqsplying  this  oondaiw 
sation  to  procure  heat,  the  external  snrfiu^  of  the  tubes 
tiirou^  which  the  steam  passes  ought  to  be  painted  or 
blackened ;  while,  if  it  is  of  importance  to  prevent  as  much 
as  possible  the  condensation,  as  in  conveying  steam,  or^q^- 
plying  its  elasticity  as  a  mechanical  power,  the  external 
fur&ce  ought  to  be  clean  and  bright. 


The  law  observed  by  a  body  ,in  cooling,  in  whatever 
mode  the  caloric  be  given  out  from  it,  whether  by  radia- 
tion or  communication,  has  been  iBrequently  a  sulgect  of 
investigation.  The  higher  the  temperature. is,  a  larger 
quanti^  of  caloric  is  given  out  in  a  given  time,  and,  of 
course,  the  nearer  a  heated  body  approaches  to  the  tem- 
perature of  the  surrounding  medium,  smaller  portions  are 
evolved.  Newton  supposed  that  the  progression  is  geo- 
metrical, taking  the  times  in  arithmetical  progression,  and 
this  law  appeared  to  be  established  by  the  experiments  of 
Kraft  and  Richman.  Martine,  on  the  contrary,  inferred 
that  the  decrements  of  temperature  in  a  body  cooling  are 
partly  equable,  and  partly  in  proportion  to  the  subsisting 
heats;  and  Mr  Leslie  has  drawn  the  conclusion  from  hii 
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€iperiiii^it8,  that  the  rate  of  cooling  follows  a  higher  ra^- 
tio  than  the  difference  of  temperature. 


A  singular  phenomenon  connected  with  the  radiation  of 
caloric  is  the  apparent  radiation  of  cold.  When  a  cold 
body,  as  a  mass  of  ice,  is  placed  in  the  focus  of  one  of  the 
mirrors,  the  thermometer  in  the  opposite  focus  mstantly 
sulfers  a  reduction  of  temperature,  greater  as  the  cold  of 
the  body  is  more  intense.  The  experiment  was  made  at 
an  early  period  by  the  Florentine  Academicians,  but  it  had 
not  attracted  notice  until  again  performed  by  Pictet.  Mr 
Leslie  has  since  ascertained,  that  the  phenomena,  with  re-* 
gard  to  this  apparent  radiation  of  cold,  are  the  same  as  in 
the  radiation  of  heat,  and  the  same  laws  are  observed.  It 
18  greatest  at  a  given  temperature  from  a  blackened  sur* 
&ce,  rather  less  from  a  surface  of  glass,  and  much  leas 
from  one  of  metal ;  it  is  reflected  by  a  metallic  surface, 

■ 

but  much  less  perfectly  by  a  glass  surface ;  and,  in  conse- 
quence of  this,  the  frigorific  effect  is  greatest  when  the 
bulb  of  the  thermometer  is  of  glass,  and  especially  when  it 
is  blackened,  while  it  is  inconsiderable  when  the  bulb  is 
gilt.  Hence  the  comparative  powers  of  different  surfaces 
in  radiating,  reflecting,  and  absorbing  cold,  are  exactly 
the  same  as  thdr  powers  of  radiating,  reflecting,  and  ab- 
sorbing heat.  The  effects  of  interposed  skreens  too,  Mr 
Leslie  found  to  be  similar.  A  metallic  skreen  com- 
pletely  arrests  the  frigorific  efiect,  while  one  of  glass  al- 
VoL.  I.  K 
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laws  it  to  take  phuoe  to  a  certain  extent,  more  or  leas  $(0- 
cording  to  its  proximity  to  d^  cokl  body. 

Cold  being  merely  the  negation  of  heat,  these  resnlti* 
appear  at  first  view  extremely  singular,  and  it  becomes  ne«- 
tessary  to  explain  them  in  conformity  to  this  principle. 
The  diminuticm  of  temperature  has  been  accordiogiy  aicri-' 
bed  to  the  radiation  of  caloric  fr^m  the  thermometer  $  uid 
in  a  general  point  of  view  this  appears  to  be  juit,  though 
there  is  some  difficulty  in  explaining  how  the  cold  body 
acts  in  producing  tliis  radiation.  Prevost  supposed  that 
there  is  a  omstant  interchange  of  heat  between  bodies  by 
radiation,  the  quantity  radiated  by  each  being  less  m  Ae 
teviperature  is  low ;  hmce  the  thermometer  in  the  focoa 
of  the  mirror  receives  less  caloric  from  the  cold  body  m. 
the  opposite  focus  than  it  gives  out,  and  its  temperatoee 
&lls, — an  explanation  liable  to  the  difficulty  of  account- 
ing for  the  effect  of  different  surfaces  in  radiating  cold  ^  fos 
according  to  the  theory,  the  surface  which  radiates  least 
caloric  at  a  given  temperature,  that  is,  the  metallic  sur&ce, 
ought  to  produce  the  greatest  cold,  while  the  fact  is  pre- 
cisely the  reverse.  Pictet  imagined,  that  while  an  equality: 
of  temperature  exists  among  a  number  of  contiguous  bodies> 
the  caloric  is  quiescent,  or  rather  is  in  an  equality  of  tensicm 
aniong  them  all,  and  there  is  no  radiation  j&om  any  of 
them,  but  when  one  is  at  a  low  temperature,  caloric  ra- 
'  diates  towards  it  to  restore  the  equiUbrium.  Hence  the 
placing  the  cold  body  in  the  focus  of  the  mirror,  comes 
radiation  £rom  the  bulb  of  the  thermometer  in  the  <^ppo^ 
site  focus,  the  mirrors  serving  to  reflect  it,  and  concentrate 
the  effect.     Mr  Leslie  has  very  happily  applied  his  theory 
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cf  aerial  pubatiiHis  to  the  same  pheiicmienoii^^-^^lie  Oold 
surihce  bang  supposed  to  abstract  caloric  from  the  ooiiti«- 
gacwB  kyer^df  abr,  whence  a  momentaiy  axotrtction  fol- 
lows, "and  A  chain  of  pulsatic^,  accompanied  with  diidhar* 
got  of  heat)  is  ertahhshed  to  the  cold  bocty  bj  the  medium 
cf  the  mirrors  finom  the  thermometer.  This  hypothesis 
wiO  of  ooone  be  ^adopted  onfy^  if  the  general  theory  of 
radiso^  heat  depending  on  aerial  pulsations  be  received. ' 


Ssct.  IV. — On  the  Comparative  Quantities  qfCahtic 

contained  in  Bodies. 

Cauobic  has  a  tendency  to  diffiise  itself  over  matter  un* 
t3  it  produce  an  equilibrium  of  temperature.  Hence, 
when  a  number  of  bodies  unequally  heated  are  placed  near 
eadi  other,  a  communication  of  caloric  takes  place,  until  a 
common  temperature  is  established. 

From  this  tendency  to  form  an  equality  of  temperature, 
it  might  parhaps  be  inferred,  that  caloric  difiuses  itsdf  '^ 
qiuBly  over  matter  i  that  it  will  therefore  be  contained  in 
bodies  in  quantity  pn^rtional  to  the  quantity  of  matter, 
or  that  equal  weigl^  of  different  portions  of  matter  wiU 
contain  at  the  same  temperature  equal  quantities  of  diia 
power. 

Thh  law  is  observed  in  the  distributi<m  of  caloric  in  ho^ 
DtMgeneous  bodies,  diffident  portions  of  the  same  kind  of 
matter  containing  it  propmiiond  to  their  temperature^ 

K2 
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ftixdi  quantities  of  matter ;  or,  at  least  the  deviation,  wiQi 
regard  to  temperature,  is  inconsiderable,  if  it  even  exist. 

But  in  heterogeneous  bodies  a  different  law  is  obiBerved  ; 
each  contains  a  quantity  peculiar  to  itself,  requisite  to  pro* 
duce  its  temperature ;  nor  are  there  perhaps  any  two  bo- 
dies, which,  in  equal  weights  and  at  equal  temperatureSf 
contain  the  same  quantity  of  caloric.  This  was  £rst  ob- 
served by  Boerhaave,  with  regard  to  quicksilver  and  wa* 
ter.  The  subject  was  prosecuted  by  Black,  Wilcke,  Irvine, 
and  Crawford ;  and  from  their  researches  the  general  law 
has  been  established,  that  at  any  temperature,  different 
bodies,  in  equal  quantities^  whether  estimated  by  weight  or 
volume,  contain  unequal  quantities  of  caloric. 

This  truth  is  established,  when  we  attend  to  the  augmen- 
tation of  temperature  in  different  bodies  exposed  £o  a  com- 
mon source  of  heat.  They  are,  after  a  certain  time,  rai- 
sed to  a  common  temperature ;  but  in  suffering  this  rise,  it 
will  be  found  that  they  have  absorbed  very  different  quan- 
tities of  caloric.  Supposing,  therefore,  that  at  the  com- 
mencement of  the  experiment  they  contained  the  same 
quantity,  they  must,  at  the  temperature  to  which  they  are 
elevated,  contain  unequal  quantities.  But  it  miglit  cqual-^ 
ly  be  proved,  that  their  quantities  must  have  been  unequal 
at  the  temperature  from  which  they  were  raised  ;  for  in  be- 
ginning the  experiment  lower  in  the  scale  of  lieat,  they 
would  have  required  ^unequal  quantities  to  raise  them  to 
this ;  and  this  arising  from  some  property  in  tlie  bodies 
themselves,  which  will  always  continue  to  operate,  we  may. 
conclude,  that  at  any  temperature  the  quantities  they  con- 
tain are  unequal.     The  same  conclusion  is  established  by 
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communicating  an  equal  <juantity  of  caloric  to  equal  quan- 
tities of  two  bodies  at  the  same  temperature, — ^water  and 
quicksilver  for  example  j  the  augmentation  of  temperature 
which  this  will  produce  will  be  very  different  in  each  5  it 
will  amount  to  28  degrees  in  the  quicksilver,  when  it  is  on- 
ly one  in  the  water :  we  infer,  therefore,  that  water  requires 
28  times  more  caloric  than  quicksilver  to  raise  its  tempe- 
rature, and,  of  course^  that  at  a. given  temperature  it  con- 
tains a  quantity  so  much  larger* 

The  general  form  of  experiment  by  which  this  truth  is 
demonstrated,  and  by  which  also  the  comparative  quanti- 
ties  of  caloric  that  bodies  contain  are  determined,  consists 
in  mixing  together  determinate  quantities  of  bodies  at  dif- 
ferent temperatures,  and  observing  the  result ;  for  the  hot- 
ter communicating  a  portion  of  its  caloric  to  the  colder, 
we  can,  from  the  temperature  that  is  established  in  the 
mixture,  discover  how  much  the  temperature  of  the  one 
has  been  diminisbed  by  the  abstraction  of  this  caloric,  and 
how  much  .that  of  the  other  has  been  raised  by  its  com- 
munication, and,  of  course,  we  discover  what  quantity  each 
requires  to  produce  a  given  change. 

In  homogeneous  bodies,  the  temperature  produced  by 
the  mixture  of  equal  portions  of  them  at  different  tem- 
peratures is  always  the  arithmetical  mean  between  the 
temperature  of  each ;  the  excess  of  caloric  >vhich  the  one 
c<mtains  above  the  other  being  equally  divided  betw^n 
them,  and  producing  the  same  rise  of  temperature  in  the 
one  portion,  as  it  does  of  reduction  of  temperature  in  the 
other.  But  when  the  same  experiment  is  made  with  two 
heterogeneous  bodies,  the  result  is  different  -y  the  tempera- 
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ture  produced  never  being  the  mean  ot  the  two  origimi, 
temperatures*  Hiugy  if  one  pound  of  water,  at  the  tem^ 
perature  of  156>  be  mixed  with  one  pound  of  mercury  at 
the  tanperature  o€  40>  the  temperature  which  residta  ifr 
not  the  arithmetical  mean^  98,  but  i»  not  lew  than  152* 
Hiis  proves>  that  the  change  of  temperature  produced  u» 
the  €«ie  fay  a  certain  quantity  of  calcNric/  is  entirely  difie^ 
reQt  firom  that  produced  in  the  other  by  the  same  quaati^ 
ty  'j  for  the  water  in  this  experiment  having  had  its  tan« 
perature  reduced  from  156  to  152,  has  suffered  a  reduc* 
tion  of  only  4  degrees ;  but  the  caloric  which  produced 
these  have  raised  the  tem1)erature  of  the  mercury  not  ks& 
than  112  degrees.  Hie  quantity  of  caloric,  therefore^  ne- 
cessary to  raise  the  temperature  of  one  pound  of  water  4 
degrees,  is  suffieioit  to  raise  that  of  an  equal  weight  of 
mercury  112  d^rees;  or  the  quantity  requisite  to  rais# 
the  temperature  of  one  of  these  fluids  cme  degree,  raises 
the  other  28.  This  will  be  the  case  at  every  temperature; 
and  therefore  at  any  point  in  the  scale  of  heat,  the  quanti-< 
ty  of  caloric  contained  in  water  is  to  that  contained  in  the 
same  weight  of  mercury  as  28  to  1. 

If  the  experiment  is  varied  by  mixing  water  at  a  low, 
and  mercury  at  a  high  temperature,  the  result  is  the  same. 
If  one  pound  of  mercury,  at  156,  be  mixed  with  one 
pound  of  water  at  40,  the  temperature  produced  is  44. 
The  mercury  has  been  derived  of  a  quantity  of  caloric, 
which  has  reduced  its  temperature  112  degrees,  and  this 
quantity  has  raised  that  of  the  water  4.  In  this  manner, 
when  equal  weights  of  two  different  bodies  are  mixed  to- 
gether, the  temperature  prodiibed  is  always  nearer  to  the 
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tt^npenlare  of  that  body  which  contains  the  greatest 
'^fmatity  of  caloric,  because  it  requires  the  greatest  quait* 
ti^  to  produce  in  its  temperature  any  change.  The  pro- 
portion is  also  hidicated  by  the  e^cperimaort ;  the  compara^ 
vtive  quantities  of  caloric  contained  in  the  two  bodies  being 
in  the  inverse  xatio  to  the  change  of  temperatm^e  in  each 
%  their  mixtiire.  The  general  fiirmnla,  therefbore,  is  to 
aniihiply  the  weight  of  each  body  by  the  number  of  de^ 
grees  between  its  original  temperature,  and  the^common 
lenqperature  obtained  by  their  mixture.  The  comparatire 
qiutntities  of  caloric  they  contain  are  inversely  as  the  pro* 
docts. 

When,  instead  of  comparing  the  quantities  of  caloric 
^hicjk  equal  weights  of  different  bodies  amtain,  we  compare 
idle  qmmtities  contained  in  equal  votumes,  we  still  find  that 
a' similar  difference  exists.  Thus  the  quantity  of  caloric 
neceMory  to  raise  the  taoiperature  of  a  given  yolume  of 
wster  any  number  of  d^rees,  is  to  that  necessary  to  raise 
an  eqpial  Tohune  of  mercury  the  same  number  of  degrees, 
as  2  to  1.  This  is  therefore  the  proportion  between  the 
^eomparatiTe  quantities  of  caloric  which  these  two  bodies 
tontain,  estimated  by  their  volumes  j  and  similar  diffe- 
teiices  exist  with  respect  to  every  other  kkid  of  matter. 
The  comparative  quantities  c^  caloric  in  bodies  are  usuaDy 
estimated  from  equal  weights  of  them ;  the  experiments  for 
iim  purpose  being  more  easily  executed  with  accuracy, 
^han  those  by  which  they  are  estimated  from  equal  volumes. 

In  making  these  experiments  on  soHd  bodies,  the  solid^ 
Itettted  to  a  certain  temperature,  generally  to  212^,  hy 
iBaoemfdoBL  hi  bc»lhig  water,  k  transferred  into  a  measur^ 
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portion  of  cold  water,  and  the  change  of  temperature  iff 
each  is  observed.  In  experiments  in  which  water  would 
enter  into  chemical  combination  with  the  body  submitted 
to  trial,  some  other  substance  must  be  used. 

The  mode  of  ascertaining  the  comparative  quantities  of 
caloric  in  bodies  by  mixture,  is  difficult  of  execution  aa  as 
to  attain  perfect  accuracy,  firom  the  sources  of  error  to 
which  it  is  exposed.  A  certain  time  is  required  before  the* 
common  temperature  is  established,  during  which,  part  of 
the  heat  is  abstracted  by  the  vessel,  and  by  the  external 
air ;  and  this  is  different  in  different  cafies,  being  in- 
fluenced by  the  difference  of  specific  gravity  in  the  sub- 
stances operated  on,  the  facility  with  which  they  mix, 
their  conducting  powers,  the  quantities  operated  on,  and 
the  agitation  communicated.  Hence  other  methods  have 
been  proposed. 

The  principal  of  these  is  by  an  instrument  contrived  by 
Lavoisier  and  La  Place.    Ice,  in  melting,  absorbs  a  quan- 
tity of  caloric,  which  does  not  raise  its  temperature  j  this 
quantity  being  uniformly  the   same,   or   equal  to  what 
would  raise  the  temperature  of  the  same  weight  of  ice- 
cold  water  135  degrees  of  Fahrenheit's  scale.     If,  there- 
fore, any  body  at  a  high  temperature  be  inclosed  in  a 
sphere  of  ice,  so  that  the  caloric  it  gives  out  in  cooling  is 
communicated  entirely  to  the  ice,  the  quantity  which  has 
been  given  out  may  be  inferred  from  the  quantity  of  ice 
melted,  or  water  produced.     On  this  is  founded  the  con- 
struction of  the  Calorimeter,  represented  Plate  II.  Fi^.  10. 
It  consists  of  three  vessels,  A,  B,  C,  adapted  to  each 
other,  and  inserted  the  one  within  the  other,  so  as  to  leave 
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t  esvity  between  the  sides  of  eac^.  A  is  a  cage  of  iron 
net-work,  and  is  designed  to  contain  the  body  which  is  to 
be  subjected  to  experiment,  which,  if  solid,  is  placed  with- 
in it,  heated  to  a  certain  temperature ;  if  liquid,  is  inclosed 
in  a  glass  matrass.  The  second  vessel,  B,  is  designed  to 
contain  the  ice,  from  the  melting  of  which  the  quanti^  of 
caloric  given  out  by  the  body  in  the  first  vessel  is  to  be 
estimated.  The  ice,  broken  into  small  pieces,  is  supported 
on  an  iron  grating  at  the  bottom,  through  which  the  wa- 
ter filtrates,  and  is  conveyed  ofi^  by  a  pipe  with  a  stop- 
cock a,  which  comes  from  the  bottom  of  the  vessd.  It 
iias  a  double  cover  &,  also  adapted  to  it,  capable  of  con- 
taining ice ;  the  under  part  of  this  being  perforated,  so 
Hbat  the  water  which  may  be  formed  from  the  melting  of 
any  of  the  ice  it  contains  may  drdp  into  the  cavity  itself, 
and  can  thus  be  collected  to  be  measured.  The  third,  or 
outer  vessel,  C,  is  similar  in  its  construction  to  the  second,  ' 
and,  like  it,  is  to  be  filled  with  pounded  ice,  when  the  ex- 
periment is  to  be  performed.  The  design  of  it  is  to  pre- 
voit  ike  agency  of  the  external  atmosphere,  \^hich,  if 
above  the.  temperature  of  32**,  would  communicate  caloric 
to  the  ice,  and  of  course  would  contribute  to  its  fusion, 
and  prevent  us  from  considering  the  quantity  of  water 
produced  as  a  measure  of  the  quantity  of  caloric  which  the 
hot  body  had  given  out  j  or  if  below  32^,  it  would  abstract 
caloric,  and  lessen  the  quantity  that  would  otherwise  be 
melted.  This  is  obviated,  by  placing  pounded  ice  in  the 
outer  vessel,  with  a  portion  of  water,  the  middle  vessel 
being  thus  surrounded  with  a  medium  at  the  temperature 
of  329,     It  has  a  (double  cover  D,  containing  pounded  ice. 
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load  a  lube  and  stop-ci>ck,  by  which  the  waftavj  lihen  it 
accumuliites,  can  be  withdrawn. 

TIhs  method  is  free  from  those  sources  of  error  t0 
which  the  mode  bjr  mixture  is  liable.  But  it  ia  exposed 
toothers^  which  render  its  accuracy  doubtfiiL  It  is  diflt 
cult  to  esdraale  the  quantity  of  water  produced  fi^taa  the 
fusion  of  the  ice  -» for  a  porticm  of  it  is  retained  by  capiDa^ 
xyattraction  in  the  int^stices  ofihemass^  and  from  some 
obserratimiSy  it  af^pears,  that  a  portion  of  the  waler  pro*' 
dueed  in  tbe  upp^  part  pf  the  apparatus^  in  fitenting 
through  the  ice  beneath^  is  again  congealed)  probably  from 
the  influenee  of  the  force  -of  cohesion  cKerted  from  the 
surJbces  of  the  fragments  c^ice. 

The  comparative  quantities  ei  calorie  in  .bodies  haife 
been  attempted  to  be  estimated  from  obsenring  the  tines 
equal  volumes  of  them  require  to  cool  througjh  a  certaia 
interval  of  the  thermometric  scale>  the  times  being  as  their 
quantities  estimated  by  the  volume,  and,  if  divided  by  the 
specific  gravity  of  the  substance  operated  on^  as  estimated 
by  the  weight.  But  the  princij^le  of  this  method  appears 
not  quite  cinrrect,  the  times  of  cooling  being  influenced  by 
other  circumstances,  and  particularly  by  the  conducting 
and  radiating  power. 

Some  methods,  too,  have  been  proposed  pecuSar  to  the 
aerial  fluids.  The  difficulties  in  ascertaining  the  quan- 
tities of  caloric,  corresponding  with  the  changes  of  tem- 
perature in  these  by  mixture,  are  extr«nely  greaty 
from  the  smaUness  of  the  quantity  we  can  (^rate  ob, 
omqpared  with  the  volume  the  air  occupies.  In  the  Boode 
by  the  calorimeter,  the  errors  fi^m  this  source  are  some^ 
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wkit  dimifiiflhefi,  fitHn  die  quantity  operated  on  beiqg 
larger  ;  the  aerial  fluid  being  pitesed  through  the  instru- 
ment by  ft  spiral  tttbe»  the  temperature  as  it  enters  and 
passes  out  being  ascertained  by.  thermometers.     But  still 
tlie  leanks  are  probably  considerably  remote  from  accural 
cy^    Mr  LeaKe  obsorved^  that  when  a  portion  of  air  is  m* 
irififld  in  ft  Tessel,  and  time  is  aOowedfor  itsreooreringthe 
tcnparftture  of  the  surrounding  medium,  on  admittin|{ 
viddcsily  another  portion  of  air  into  the  partial  yacuum, 
the  nurified  air  is  compressed ;  it  hence  gives  out  a  quanti« 
tj  of  caloric^  and  thia»  communicated  to  the  air  which  haa 
bean  admitted^  raises  its  temperature.     But  the  rise  wiU 
be  lev,  as.this  air  requires  more  cakxric  to  produce  in  it  a 
givtea  change  of  temperature  ;  and  therefore  in  operating 
<m  different  aerial  fluids,  the  con^arative  quantities  may 
be  disoovered  from  the  respective  elevations  of  tempera* 
tee.  '  The  method  is  extremely  ingenious,  but  attended 
widi  considenihie  difficulties  in  the  execution,  so  as  to  at<^ 
taia  aocurate  results. 

The  property  by  which  different  bodies  contain  their 
icqpective  quantities  of  caloric,  has  been  termed  the  €»• 
pscfiy  for  Heat,  or,  a^pting  the  expression  to  the  modem 
nomenclature,  the  Capacity  of  a  body  for  Caloric.  This 
tenn  is  not  designed  to  imply  any  theory  with  r^ard  to 
the  cause  oi  this  property,  or  the  nature  of  it ;  nor  does  it 
present,  as  has  been  allied,  a  vague  or  obscure  idea.  It 
is  simfij  a  general  expression,  to  denote  the  property,  in 
CQnsequen<:e  of  which,  bodies  contain  at  any  given  t^xi- 
perature,  in  equal  quantities,  peculiar  quantities  of  cakuric^ 
That  they  do  so  is  unqui^tionahie,  and  it  is  convenient  to 
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have  a  general  t^nn  by  which  this  can  be  expressed.  The 
quantity  contained  in  a  body,  and  peculiar  to  it^  has.  been 
named  their  Comparative, .  or  their  Specific  heat.  The 
phrase  Specific  Caloric  is  generally  adopted. 

What  the  nature  of  this  property  is,  or  from  what 
cause  different  bodies  require  different  quantities  of  calo- 
ric, to  produce  in  them  temperature  to  the  same  exteot, 
is  not  easUy  determined.  It  is  in  general  true,  that  bft. 
dies  which  are  rare,  have  capacities  for  caloric  greater 
than  those  which  are  more  dense*  It  is  even  found,  that 
we  augment  the  capacity  by  diminishing  the  density  of 
any  body ;  the  rarefaction  of  an  aerial  fluid,  for  examfde^ 
in  which  this  can  be  done  to  the  greatest  extent^  being  at- 
tended with  a  reduction  of  temperature  from  enlargement 
of  capacity,  and  its  condensation  being  followed  by  the 
opposite  result.  In  liquids  or  in  solids,  condensation  is 
likewise  accompanied  with  a  similar  change  from  the 
same  cause.  But,  although  there  is  this  general  connec- 
tion between  the  rarity  of  a  body,  and  its  capacity  for  ca- 
loric, it  is  not  invariable  or  proportional ;  if  it  were,  in- 
deed, the  quantities  of  caloric  contained  in  bodies  at  given 
temperatures  would  be  as  their  volumes, — a  law  which  is 
far  from  being  observed. 

There  must,  therefore,  be  some  other  cause  by  which 
this  is  modified.  If  we  regard  caloric  as  a  material  sub- 
stance subject  to  attraction,  the  atti'action  exerted  to  it  by 
the  substance  in  which  it  is  contained  might  be  supposed 
to  be  the  cause  modifying  the  law,  which  would  otherwise 
be  observed  in  its  distribution,  and  by  which,  in  conse- 
quence p{  its  perfect  elasticity,  it  would  be  contained  ia 
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Mi^  hi  quantities  proportional  to  the  void  spaces  be^ 
tween  dieir  particles^  But  the  relations  of  thk  agent  are 
so  imperfectly  known,  that  no  theory  in  which  we  can 
plaee  much  confidence  cai^  be  given,  and  the  fact  must 
merdy  be  -stated  as  an  ultimate  one,  that  bodies  require 
specific  quantities  of  caloric  fer  the  production  of  tem- 
perature. 

A  question  of  some  interest  is,  whether  the  peculiar  re* 
iation  of  each  body  to  caloric  is  the  same  at  all  tempera* 
tures ;  in  other  words,  are  their  capacities  for  it  uniform 
and  permanent.  It  is  possible  this  may  not  be  the  case ; 
but  that  the  rise  of  temperature  itself,  and  the  effects  by 
which,  it  is  accompanied,  may  give  rise  to  a  change  in  the 
relation,  so  that  a  greater  or  less  quantity  of  caloric 
may  be  required  to  produce  a  given,  rise  of  temperature, 
at  a  high'  than  at  a  low  part  of  the  scale  of  heat«  When 
the  mechanical  condition  of  a  body  is  changed,  when  it 
passes  to  the  fluid  or  aeriform  state,  this  change  of  capa- 
city actually  happens.  Does  a  similar  change,  though 
less  perc^tible  at  any  particular  stage,  happen  from  the 
progressive  expansion  to  which  elevation  of  temperature 
gives  rise  i 

The  experiment  by  whidi  this  has  been  attempted  to 
be  determined,  consists  in  mixing  equal  portions  of  die 
same  body  at  difierent  temperatures :  if  the  capacity  is 
permanent,  the  resulting  temperature  ought  to  be  the 
arithmetical  mean ;  for  the  hotter  portion  communica- 
ting the  half  of  its  excess  of  caloric  to  the  colder,  the 
one,  if  the  edacity  is  the  same  in  each,  ought  to  sufier 
just  as  ^eat  a  reduction  as  the  other  sustains  an  elevation 
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^temperature  f  But  if  the  one  portion  had  a  greater  cs* 
pacity  than  the  other,  then  the  change  it  sufiers  miut  be 
less  considerable,  and  the  resulting  temperatnre  Buut  f^ 
proach  nearer  to  its  temperature  than  to  that  of  the  odMTi 
and  jof  course  deviate  from  the  mean.  The  eSEperinient  ji 
difficult  of  execution,  so  as  to  attain  perfect  acooruji 
especially  as  no  great  range  of  temperature  can  be  sab* 
mitted  to  experipient,  and  as  the  diflei^nce  in-  capacity, 
therefore,  if  it  exist,  cannot  be  eiq)ected  to  be  great.  Dr 
Crawford  from  his  experiments  was  diq)osed  to  oonchide, 
that  the  capacities  of  bodies  are  permanent)  but  he  per* 
haps  was  somewhat  influenced  in  drawing  this  eondhision 
by^  theoretical  views^  It  appears  to  be  more  probable 
from  diecH'y,  that  the  capacity  should  be  progressite  with 
regard  to  temperature,  or  should  be  greatef  in  the  fof^aat 
than  in  the  lower  portions  of  the  scale  of  heat ;  tx  th» 
property  is  unquestionably  to  a  certain  extent  connecttd 
with  the  density  of  bodies,  being  under  a  general  pcmit  of 
view  greater  as  they  are  less  dense,  and  being  increased  in 
any  body  wh«i  its  volume  is  enlarged  $  and,  as  rise  of 
tempera|;ure  is  accompanied  with  enlargement  of  vohunet 
this  may  be  expected  to  give  rise  to  augmentation  of  tMfc* 
pacity*  In  any  interval  of  temperature  which  we  can 
measure  this  may  not  be  considerable ;  but  considered  in 
relation  to  the  whole  scale,  we  cannot  conjecture  iti 
amount,  for  we  know  not  the  extent  of  expansion  frttn 
Ihe  commencement  of  the  scale. 

There  is  even  reason  to  doubt  if  the  permanence  of  ca* 
pacity  be  established  within  the  range  of  temperature  at 
which  bodies  can  be  easily  submitted  to  experiment*   The 
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miekinbli  of  Crawford  rested  very  mudh  on  tbe  previous- 
nmmption  of  the  accuracy  of  the  thermometer^  and  m 
AvaiidBted  if  the  eiqMnsions  of  the  Uiermometrical  liquid 
are  progreesive  vnih  regard  to  temperatiH>e,  as  diis  would 
floaaterbalance  the  effect  from  enli^gdnent  of  aqpacity,  if 
tbis  bappenedy  and  give  rise  to  an  adjustment  whelks  the 
effect  of  neither  might  be  apparent.  And,  with  regard  to 
some  bodies,  it  is  ascertained,  ev^i  by  Crawford's  own  ex- 
periments, as  weH  as  by  those  c^  Oadolin,  diat  the  capa»- 
ci^  are  not  permanent,  but  increase  with  tjie  tenq>^«» 
tare,  rendering  ther^re  more  probable  the  ccmdusion 
diat  thb  ia  a  general  result. 

The  krw  with  regard  to  the  distribution  of  caloTic  in 
bodies  is  of  die  first  importance,  as  giving  the  theory  <^ 
changes  of  temperature  from  chemical  action.  CombintH 
tion  is  afanost  inTariaI%  attended  with  a  change  of  capa* 
eity,  the  capacity  of  the  compound  not  being  the  mean  of 
die  Cffiacities  of  the  bodies  combined.  When  it  is  great- 
er the  temperature  falls ;  when  it  is  less  the  temperature  is 
raised.  On  this  principle  are  explained  the  production  of 
heat  in  combustion,  in  respiration,  and  in  a  number  of 
chemical  c<»nbinations,  and  the  producticm  of  cold  in  the 
mdutmiB  of  salts  in  water,  and  in  what  are  daiominated 
freezing  msttures. 

Fr<»n  tlie  nature  of  the  methods  by  which  the  quantities 
sf  caloric  which  bodies  contain  are  ascertained,  it  is  evi- 
dent that  we  discover  the  comparative,  not  the  absolute 
quantities.  We  find  only  h6w  much  caloric  a  body  gives 
eat,  or  absorbs,  during  a  certain  change  of  temperature  f 
and  by  observing  the  change  of  temperature  which  the 
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body  from  which  it  has  received,  or  to  which  it  .hat  ^Yes:v 
caloric>  suffers,  we  may  ascertain  the  comparative  qaantL— * 
ties  necessary  to  produce  equal  changes  of  temperature  xcm, 
these  bodies.     But  we  do  not  learn  the  proportion  whicb 
the  quantity  in  each  bears  to  the  whole  caloric  which  it 
contains ;  and  therefore  the  capacities  of  different  bodies 
are  to  be  considered  as  merely  comparative.     Hence  li 
becomes  necessary  to  fix  on  one  body  as  a  standard  to 
which  the  others  may  be  referred.     Water  has  be^  cho- 
sen as  this  standard  \  its  capacity  is  stated  at  the  arbitrary 
term  of  1000,  and  with  this  the  capacities  of  other  bodies 
are  compared*      Thus  the  capacity  of  arterial  blood  is 
stated  at  1030,  indicating,  that  if  at  any  temperature  a 
certain  quantity  of  water  contain  1000  degrees  of  caloric, 
the  same  quantity  of  arterial  blood  at  the  same  tempera- 
ture will  contain  1030  degrees.  The  capacities  are  usually 
referred  to  equal  weights,  not  to  equal  volumes  of  bodies; 
but  the  latter  are  easily  found,  by  multiplying  the  number 
expressing  the  specific  caloric  of  any  body  estimated  by 
its  weight,  by  the  number  which  denotes  the  ^ecific 'gra- 
vity of  the  body  \  the  product  is  the  specific  caloric  esti- 
mated by  the  volume. 

In  the  following  table,  the  capacities  of  a  number  of 
bodies  are  stated  as  ascertained  by  Crawford,  Irvine, 
Wilcke,  Gadolin,  Kirwan,  Lavoisier,  La  Place  and 
Dalton, — the  initial  letter  annexed  to  each  denoting  the 
authority.  I  have  insei-ted  those  only  which  have  been 
ascertained  by  the  method  of  mixture  or  by  the  calorime- 
ter, those  determined  by  other  methods  being  more  doubt- 
ful. I  have  also  omitted  several  ascertained  by  the  method 
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df  mnftnre  which  >8till  appe^  doubtful  or  unimportant. 
'^Where  any  difference  in  the  capacity  of  the  same  sub- 
stance^  as  ascertained  by  different  experimenters,  exists^ 
this  is  pointed  out  by  a  reference  to  the  different  numbers.. 
The  table  is  subdivided,  according  as  bodies  exist  in  the 
aerial,  the  liquid,  or  the  solid  form,  their  capacities  being 
different  in  these  different  states. 


TABLE  OF  CAPACITIES. 


Gases. 


1  Hydrogen  gas, 

2  Oxygen  gas, 

3  Atmospheric  air, 

4  Aqueous  vapour, 

5  Carbonic  acid  gas, 

6  Nitrogen  gas, 


Liquids, 


7  Alkohol,  (12,  34) 

8  Arterial  blood,  -  -     . 

9  Water,  -  -  - 

10  Milk,  -  - 

11  Solution  of  mur.  of  soda,  1  in  10  of  water, 

12  Alkohol,  (7,  34)  -  - 

13  Sulphuric  acid,  diluted  with  10  of  water, 

14  Solution  of  muriate  of  soda  in  6.4  of  water, 

15  Venous  blood,  -  -  ^- 

16  Sulphuric  acid,  with  5  parts  of  water, 

17  Solution  of  muriate  of  soda  in  5  of  water, 

18  Nitric  acid,  (30)  -  -  - 

19  Solution  of  muriate  of  soda,  in  3.33  of  water, 


20 
21 

22 


Vol.  I. 


nitrate  of  potash  in  8  of  water, 
muriate  of  soda  in  2.8  of  water, 
muriate  of  soda  saturated,  or  in  2.69 
water,  -  r 

L 


21.4000  C. 
4.7490— 
1.7900— 
1.5500  — 
1.0454  — 
.7936— 

I.O86OK, 
1.0300  C. 
1.0000 

'9999  C. 

.9360  G. 
.9300  Ir. 
.9250  G. 
.9050  — 
.8928  C. 
.8760  G. 

.8680— 
.8440  K. 
.8208  G. 
.8I67L. 
.8020  G. 


of 


.7930  G. 


les 
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)  vlfiAuni:  Bcid,  (41,  43,  **,  45) 
^4  Sulphuric  acid,  with  2  parts  of  water, 
25  Solution  of  sulfate  of  soda  iu  i.$  of  water, 
20  Olive  oil,  -  -  - 

27  W»tCT  of  smnHwia,  specific  gravity,  0.997, 
2S  UwiKtic  add,  ipecific  gravity  1.123, 
2A  Sulfikara:  4cid,  4  p^ts  wUh  5  of  water, 

30  Nitric  acidy  specific  gravity  1.29895,  (IS) 

31  Mixture  of  uitric  acid  with  ]i[iie,.9j  to  I, 

32  Sulphuric  acid,  with  an  equal  weight  of  water, 

33  4  parts  witli  3  of  water, 

34  Alkohol,  (7,  12) 

35  Nitnna  acid,  specific  gravity  1-354, 

36  Litnaed  oil,  ... 

37  Sfwrmaceti  oil, 

38  with  i  of  water, 

39  (42)  -  - 

40  Solphuric  acid,  with  |  of  water, 

41  Sulphuric  acid,  (23,  43,  44,  45) 

42  5S5  (39) 

43  concentriUed  and  colotirless,  (23) 
>  44  specific  gravity  1.87058, 

45  (23,41) 

46  Spermaceti  melted,  - 

47  Quicksilver,  specific  gravity  13.30, 


.7400  0]. 
.7880  —' 
■7100  — 
.7O80  — 

.fiaoo— 

.$631  L. 

.6613 

.  .6189— 

.6050  0. 

j603lL. 

.6021 C. 

.5760  K, 

.5S80  — 

vfiOOOC. 
'  .5000  G. 

.4780 K, 

.44800. 

.4890  C. 

.4000  Ir. 

.3390  G. 

.3345  L. 

.3330  Ir. 

.3200  — 

.0330  K. 

.0290  L: 

.0290  W. 

.0380  Ir, 


51  Ice, 
58 

53  Beef  of  an  ox, 

54  Rice, 

55  Pease, 

56  Wheat, 

57  White  wax. 


.9000  K. 
.8000  Ir. 
.7400  — 
.5060  C. 
.4920  — 
.4770  — 
.45000.' 
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^%  Quekrinifi,  wkh  watiBr^  ifi  to  9, 
^Bailey,  -  -  - 

^1  QMurcoa!  of  bk* cii-wood,  {6?) 

^2  Quicklime,  (72,  74)  '    - 

®  "**  ■■■••'• —  salurated  witli  water,  and  dried, 

€*«fcooal, 

^  Chalk,  (68,  75) 

^7Cliaicoal,(6l) 

fiS  CbaJk,  (66, 75)  ^  i 

^  Sfiarwlt,  (73)  .  .  . 

7^  WUle  oxide  of  antimony  vastied, 

71  Qbdde  of  copper, 

7t  QiMicklime,  (62,  74)  -  - 

73  Mqriate  of  soda  io  crystals,  (6$) 

^<  Quicklime,  (62,  72)  -  - 

''^  Cbalk,  (66,  68) 

^^  Crown  ^lass,  -  - 

^y  A&^9  specific  gravity  2648, 

^^  Flilit-^lass,  specific  gravity  287,  (81) 

^SWjrfiur,  - 

^•^    '  ■   '      (84)  -  -  • 

^  1  Wbtte  glass,  specific  gravity  2.886,  (78) 

^^2  \Wte  clay  burnt, 

^3  mack  lead,  - 

^4  Sulphur,  {79,  80) 

^5  Oxide  of  antimony, 

^6  Iron,  (89, 91,  92,  55) 
■^7  Oxide  of  zinc,  ^ 

^8  White  cast  iron, 
^9  Iron,  -  .. 

SO  White  oxide  of  arsenic, 

5)1  Iron,  (86,  89,  92,  95) 

Si  Iron,  specific  gravity  7876, 

93  Hardened  steel, 

94  Steel  softened  by  fire, 

L2 


.4391  )U 
.42  IOC. 

.4i6o-^ 
S950G: 
^000  D. 
«2800G. 
.^800  Dl 

.2777  C 
.2700  D* 
.S631  C 
.1J564  — 
.2300  D. 
.^272  C. 
-2272  — 
-2239  ~ 
.!9260G. 
.2^168  L. 
*2070  O. 
.2000  Iiv 
.1950  W* 
.1900  D. 
.1900  — 
.1890  Ir« 
.1870W. 
.1850G* 
.1830  — 
.1830  K. 
.1666  Cl 
.1450  Ir. 
.1369  c. 
.1320  G. 
.1300  D. 
.126d  G. 
.1269  c. 
.1260W, 
.1230  — 
.1200  — 


a  64 
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95  Soft  bar  iron,  specific  gravity  7.724,  (86,  89) 

96  Brass,  specific  gravity  8356,  (98) 

97  Copper,  specific  gravity  8.785,  (9^ 

98  Brass.  (96)  -  .  . 

99  Copper,  (97)  -  - 

100  Sheet  Iron,  -  -  - 

101  Zinc,  specific  gravity  7154,  (107) 
102 ^  - 

103  Nickel, 

104  White  oxide  of  tin,  -  - 

105  Hammered  copper,  specific  gravity  9^50, 

106  Oxide  of  tin,  (104)  -  - 

107  Zinc,  (101)  -  -  - 

108  Sublimed  arsenic, 

109  Silver,  specific  gravity  10.001, 

110  Tin,  (115)  - 
111-  Yellow  oxide  of  lead, 

112  White  lead, 

113  Antimony,  .     .  - 
114 specific  gravity  6l07> 

115  Tin,  specific  gravity  7380,  (110) 

1 16  Red  oxide  of  lead>  ... 
,117  Gold,  specific  gravity  1904, 

118  Vitrified  oxide  of  lead, 

119  Bismuth,  specific  gravity  986l, 

120  Lead,  specific  gravity  1145, 
121 


•1]CK>G> 
.1160  W. 
.1140W. 
•1123  C. 
.IIH  — 

.1099  J- 
.1020  W. 

•1000  D. 

'•1000  — 

.0990  C. 

.0970  G. 
.0960  K. 
.0943  c. 
.0840  0. 
.0820  W. 
.0704  G. 
.0680  — 
.0670  — 
.0645  — 
.0630  W. 

.0600 W. 

•0590  G. 
.0500  W. 
.0490  G. 
.0430W. 
.0420  W. 

.0552  a 
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Sect.  Y.^^Of  the  Quantities  of  Caloric  which  DiffereM 
Forms  of  the  sarne  Body  contain. 

Besides  the  general  law  which 'has  been  demonstrated, 
that  different  bodies,  in  equal  weights  and  at  equal  tempe- 
ratures$  contain  unequal  quantities  of  caloric,  it  has  fiir- 
idler  been  established,  that  a  similar  law  exists  with  respect 
to  the  same  body  in  its  different  states.of  aggregation :  a 
body  in  the  iSuid  form  contains  more  caloric,  or  requires  a 
larger  quantity  to  produce  a  given  diange  of  temperature 
in  it,  than  it  does  while  solid ;  and  in  the  ^tate  of  air  or 
vapour,  it  requires  still  more  caloric  than  it  does  in  ,the  li- 
quid form.  Hence,  when  a  solid  is  melted,  x)r  a  liquid  is 
converted  iuto  vapour,  a  quantity  of  caloric  is  absorbed, 
which  has  no  effect  in  producing  augmentation  of  tempe- 
^•ature.  This  gives  rise  to  die  phenomena  of  what  has 
been  denominated  Latent  Heait,  for  the  discovery  of 
which  we  are  indebted  to  Black. 

The  truth  of  the  fact  is  sufficiently  evident,  when  the 
phenomena  attending  lique&ction  and  vaporization  are  at- 
tentively examined.  When  caloric  is  .communicated  to  a 
^olid  body,  increase  of  temperature  is  produced,  and  this 
continues  to  proceed  while  the  caloric  continues  to.be  add- 
ed, until  the  body  arrives  at  its  melting  poin,t :  but  when- 
ever it  begins  to  melt,  the  rise  of  temperature  ceases, 
though  the  addition  of  caloric  be  continued  as  before ; 
tand  the  fluid,  as  it  forms,  remains  at  one  point  until  the 
jFu^ion  is  completed.     In  this  case,  then,  it  is  evident,  that 
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m  qnantity  of  cdoric  diasppetan^  for  it  cootmiies  to  be 
added  to  the  body,  but  his  no  effect  in  rauing  it»  tenope^ 
rature*  The  case  is  th^  same  whes  a  Hqmd  is  ooATerted 
into  ▼apottt^r  Its  teHq>erataYe  is  first  raised  to  the  point 
at  which  it  begins  to  boil,  bj  the  communication  cxf  calo* 
ifei  hm  ^Mgh  the  ec»ffiD!iQnk»tu)»  be  sCift  cos^nned, 
^  MnpeiMui^,  Milder  «f  the  fluid  iriudi  h  ewp&Mimg^ 
hot  ^  the  tvpcNir  rising  from  St,  is  ftrdier  imao^  bat 
tmtsiBiA  stiilkMfiffirjr  d^  i!km  degiw  in  tbe  dto»mom^trioal 
ticab  lA  whieli  lEhe  converiBioR  into  Ttipoii^  commenced^ 
lui^  the  m^role  be  eTajporated.  It  is  evident,  dierefim^ 
fhUBLt  in  this  case  also  a  ^taitity  «f  caloric  is  absoibed^by 
!he  Vapcto  Ibrmed,  trhich  has  no  ^fect  in  reking^  its  tan*^ 
perfttnre.  The  liqtdd  or  tapoitir,  after  it  is  formed,  haa 
its  leHipc^fi^bare  rttsed  by  additions  of  eaioric. 

It  was  from  considering  these  feeto,  tibat  I>r  Blade  eon-' 
duded,  ^at  dcning  Hqndfattion  and  Tapoiization  a  qnan* 
tily  of  caloric  is  lost,  becomea  htt^t,  or  passes  into  the- 
body  without  raising  its  temperiatnre^ — a  conduaon  whidh 
he  established  by  very  sim|!^  bnt  deci»ve  e!X|ieriment8^ 

afibrding  a^  admiraUa  example  of  chemical  research. 

■  » 

To  prore  it  with  regalfd  to  Kqne&ctioin,  he  placed  equal 
portions  of  water  in  two  vessek,  tjooling  the  one  portion 
to  S2^,  and  causing  the  odier  to  freeae,  but  taking  caie 
that  the  ice  shoidd  not  .be  lower  dian  this  tenq>eratuiB*  " 
They  were  equally  exposed  to  an  atmosphere  somewhat 
warmer,  from  which  of  course  tikey  received  heat, — the 
tcnnperature  (^  the  water  soon  rose,  and,  at  the  ^idof  half 
an  hour,  the  rise  amounted  to  7^.  But  the  temperature 
of  the  ice  remained  stationary  at  32,  though  it  mu^  have 
received  caloric  equaDy  with  the  otlier.  It  merely  began  t^ 
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This  evolution  of  heat  in  congelation,  Dr  B)aGk^raoder«<' 
ed  more  sensible  by  direct  experiment.  Having  added  » 
little  salt  to  a  portion  of  wat^,  so  as  to  enable  it  to  sustain 
reduction  of  temperature  below  52°,  without  freezingy  he 
exposed  it,  with  a  shnilar  portion  of  water  in  another  yea- 
ael,  to  a  cold  atmoq>here.  Both  were  cooled  with  tegor 
lari^.to  32^  ;  but  at  this  temperature  the  pure  water- 1]^ 
mained  stationary,  while  that  with  the  salt  dissolved  in  it 
continued  to  fall  lower ;  the  former  must  equally  have  suf- 
fered an  abstraction  of  caloric  with  the  latter,  but  calorie 
being  evolved  from  its  congelation  prevented  its  £dL.  In 
another  experiment,  Dr  Black  cooled  water,  by  avoiding 
agitation,  a  number  of  degrees,  below,  its  usual  freeeing 
point,  32° :  on  agitating  it,  it  congealed,  and  the  tempera- 
ture instantly  rpse  to  32°  from  the  evolution  of  the  caloric 
peculiar  to  it  in  the  state  of  water. 

Similar  experiments  were  made  by  Irvine  on  spermaccK 
ti,  wax,  and  tin ;  th^y  have  since  been  extended. to  other 
bodies,  and  with  regard  to  alTthe  same  law  has  been  esta^ 
blished,  a  portion  of  caloric  peculiar  to  each  being  ab- 
sorbed when  the  body  melts,  without  causing  any  rise  of 
temperature,  and  this  portion  of  caloric  concealed  in  the 
liquid  becoming  sensible  again  when  it  is  congealed, 
. ;  Dr  Black  demonstrated,  that  a  similar  phenomenon  ao 
companies  the  other  change  of  state  to  which  bodies  are 
subject,  that  into  vapour  or  air,  a  quantity  of  caloric  be- 
ing absorbed  by  the  body  passing  into  this  state  without 
raising  its  temperature,  and  being  evolved  when  it  returns 
to  the  liquid  form.  This,  as  has  been  remarked,  i$  even 
evident  from  the  usual  phenomena  of  vaporization  atte^-* 
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ttTcfy-cummedt  neither  the  liquid  nor  the  vapour  rising 
from  it  8ufiS»ring  any  increase  of  temperature  after  the 
ebuUitioa  has  Gdmm^nced,  though  caloric  be  omstantly 
omnmiinicated*  It  was  &lrther  established  by  experiments 
aaoertaining  it  with  more  accuracy^  or  placing  it  in  a  clears 
lif^t. 

'.  A  portion  of  water  in  a  cylindrical  tin  vessel  placed  on 
aheated  iron  plate,  was  raised  in  temperature  firom  50  to 
212^  in  fiyilr  minutes,  when  it  began*to  boil ;  in  that  time, 
therefiMre,  it  had  received  a  quantity  of  caloric  cf^)able  of 
raising  its  temperature  162^.  It  continued  to  boil,  and 
tirenty  minutes  elapsed  before  it  was  dissipated ;  neither  its 
temperature,  nor  that  of  the  vq)our  into  whidi  it  was  con- 
vertied,  rose  above  21^^,  yet  it  must  have  continued  to  re- 
ceive calorie  as  before;  that  is,  at  the  rate  of  162^  every 
four  minutes ;  of  course,  in  its  vaporization,  a  quantity  of 
caloric  ha4  been  absorbed,  which,  a{^lied  at  once,  would 
have  been  equal  to  raising  its  temperature  810^ 

A  liquid  heated  under  pressure  may  have  its  tempera- 
ture raised  above  its  usual  boiling  point,  the  transition  in- 
to vi^ur  being  prevented.  A  quantity  of  water  included 
in  a  strong  phial  closely  corked,  with  a  thermometer  iiv- 
duded,  was  heated  to  222°  :  the  cork  was  suddenly  with- 

m 

drawn,  a  small  quantity  only  of  vapour  rushed  out,  and 
the  remaining  water  instantly  fell  to  212^.  This  experi- 
ment Mr  Watt  repeated  on  a  much  larger  scale,  water 
being  heated  in  a  coj^er  digester  with  a  safety  valve  to  a 
much  higher  temperature  $  yet,  on  opening  the  valve,  in- 
stead qf  the  whole  escaping  in  vapour,  not  more  than 
ono-third  of  it  assumed  this  state,  and  the  temperature 
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of  the  iTCTwining  portkm  gunk  to  in  the  ytwtedaig  «|wg<- 
.ment. 

A  similar  absarptlcm  of  caloric  attends  tile  vajMraMtiQli 
o{  volatile  liquids  at  «^coiiiiiidn  tonperatin^  pnAmug 
therefiH^  sensible  cdd^  greatar  as  the  Mqiiid  is  nHKne  filiik 
tile,  or  as  the  change  is  accelerated,  as  Cnllen  obsenrecL 

The  ^caloric  i¥hich  is  th«te»  absK^rbed  in  the  tnmsitioli  <gt 
a  body  to  the  state  of  vaponr,  is  again  evolved  iribeii  the 
vapour  is  condensed.'  Dr  Blac)L  found,  that  ivhea  stesAy 
at  the  temperature  of  212^,  is  ccmdensed  by  being  received 
In  cdd  water,  the  temperature.'of  this  is  much  more  rafae^* 
than  by  the  ccxnmmiication^  a  weight  lof.  water  at  £19^ 
equal  to  that  of  the  steam.  And  Mr  Watt  having  Con- 
densed steam  in  a  metallic  ^be,  hy  suddenly  forcing  down 
a  piston  accurate^  adapted  to  it,  the  end  of  the  tube  being 
placed  in  water,  fimnd  a  quantity  of  caloric  conammicated 
to  the  water,  "^equal  to  what  would  have  raii^ied  the  tisnipe- 
ratwre  of  aportion  of  it  equal  in  weight  to  the  steam  ms 
degrees*  Yet  the  tube  and  the  included  steam,  {irevious 
to  the  condensation,  were  at  the  temperature  only  of  213®. 

All  <hese  facts  provie  the  truth  of  the  g^ieral  proposi- 
tion, that  wh^i  bodies  pass  from  the  solid  to  the  fluid,  fir 
from  the  fluid  to  the  gaseous  state,  a  quantity  of  caloric  is 
absorbed,  which  has  no  efiect  in  raising  the  temperature  of 
the  body  in  its  new  form,  this  cabric  being  again  e^ohred 
when  the  body  returns  to  its  former  state.  This  portion  of 
caloric  aAisorbed  during  these  changes,  and  not  discoveraUe 
by  the  usual  effect  of  raising  temperature.  Black  named 
I<atent  Heat,  in  o^^position  to  the  portion  by  which  t^n- 
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peculiar  relation  of  bodies  to  it  which  we  denonuBal^ 
their  capacity.  If  the  capacity,  of  a  body  be  enlarged,  the 
tpaatity  of  caloric  communicated  to  it  remaijuBg  the  same, 
its  temperature  must  fajl ;  if  the  capacity  be  dknipished 
under  the  same  condition,  its  temperature  must  rise ;  or  if 
ihe  capmcky  be  enlarged  while  caloric  is  proportiona% 
tqmmunicatedy  /this  caloric  will  be  absorbed  by  the  body, 
And  remain  in  it  wit^hout  .ajay  increase  Qf  ten]qperature« 
Now  this^  Dr  Irvine  conceived^  is  what  hs^eiis  in  flui- 
^ty  iind  vaporization.  The  sensible  caloric  commumca- 
ted,  and  raising  the  temperature  of  the  body  to  its  mdt- 
ingy  or  to  its  vaporific  point,  weakens  progressively  its  ce- 
hesion,  and  at  length  so  far  changes  its  state  of  aggr^;a- 
tion,  as  to  admit  of  a  new  arrangement  of  its  parts,  con- 
stitutii^g  first  fluidity,  and  afterwards  the  state  of  vapour  or 
air.  These  changes,  Dr  Irvine  supposed  to  be  accompa- 
nied with  a  change  of  capacity,  the  capacity  of  the  >body 
in  its  liquid  being  greater  than  in  its  solid  state,  and  be- 
<;oming  stifi  larger  in  the  state  of  vapour.  If  th^  be  ad- 
mitted, it  necessarily  follows,  that  a  quantity  of  caloric 
must  be  absorbed  by  the  body  in  passing  into  the  liquid 
and  aerial  forms,  wliicli  shall  have  no  effect  in  au^fnent- 
ing  its  temperature,  and  which,  pf  course,  is  not  discover- 
able in  it  by  the  thermometer.  But  there  is  no  reason  to 
believe  that  this  caloric  has  lost  its  properties,  has  entered 
into  any  peculiar  combination  with  the  body,  or  is  in  any 
^tate  diiferent  from  the  rest  of  the  caJoric  it  contains.  It 
goes  with  that  caloric  to  sustain  the  temperature,  and  it 
has  been  absorbed  without  raising  temperature,  merdiy  be- 
cause the  capacity  of  the  body  has  been  enlarged  5  and  when 
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die  capacity  is  diminished,  as  happens  in  the  reverse 
change  of  form,  it  is,  of  course,  again  evolyed.  A  body 
in  one  foiBi,  in  a  word,  contains  more  caloric  than  in  ano- 
ther form  at  a  given  temperature,  exactly  as  one  body  con- 
tains more  than  another  does;  or,  according  to  this  theory, 
the  cause  why  water  contains  more  caloric  than  ice  at  32^, 
is  the  same  as  that  by  which  water  contains  more  calorie 
than  quicksilver  5  and  were  it  possible  to  convert  quicksil- 
ver  into  water  by  a  process  similar  to  that  by  which  we 
convert  ice- into  water,  we  should  have  precisely  the  phe- 
nomena of  latent  heat. 

The  whole  question,  therefore,  on  this  subject,  is  with 
lizard. to  the  assumption  on  which  the  theory  rests,  whe- 
ther an  augmentation  of  capacity  accompanies  liquefaction 
and  vaporization  or  not.     No  doubt  can  remain  of  its  su- 
periority^ ^lor/,  to  the  opinion  of  Black.     It  explains 
the  phenomena ;  for  it  is  obvious,  that  if  by  fusion  or  va- 
porization the  capacity  of  a  body  be  enlarged,  either  its 
temperature  must  fall,  or  caloric  must  be  absorbed  with- 
out producing  any  rise  of  temperature :  the  first  cannot 
happen.;  for,  in  this  case,  the  temperature  of  the  body  fall- 
ing below  its  fiising  or  vaporific  point,   the  change  of 
form  could  not  proceed  :   the  second  event,  tJierefore^ 
must  be  that  which  will  occur,  or  if,  by  applying  caloric, 
we  raise  and  preserve  the  temperature  sufficiently  high  ta 
cause  the  transition  of  form  to  proceed,  if  this  be  accom- 
panied with  An  increase  of  capacity,  the  caloric  applied 
must  be  absorbed  and  become  latent,  or  occasion  no  in- 
crease of  temperature.     Aild  the  theory  has  farther  the 
very  important  advantage,  that  while  the  opposite  system. 
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ctdoric :  Qr»  by  applying  pressure,  a  vapour  aiqr  be  re^ 
duoed  to  the  liquid  state,  though  this  pressure  can'  have 
onty  a  mechanical  effect,  approximating  the  partudeBy  and 
cannot  subvert  any  chemical  combination  of  caloricy  did 
it  exist. 

It  may  therefore  be  concluded,  that  the  abeorptioii  of 
caloric  which  accompanies  lique&ction  and  vaporizatiany 
is  owing  not  to  luiy  chemical  combination,  but  to  the  ean^ 
krged  capacity  which  the  body  acquires  by  a  change  of 
form.  It  may  be  supposed,  indeed,  that  the  difficulty  in 
this  view  of  the  subject  is  only  avoided,  not  removed 
May  not  this  very  difference  of  capacity  in  bodies,  in 
whatever  state  they  exist,  proceed  &om  a  chemical  combi- 
nation of  caloric  ?  By  saying  that  different  bodies,  or  di& 
ferent  forms  of  the  same  body,  have  different  capacities 
for  caloric,  the  general  fact  is  merely  expressed,  that  in 
equal  quantities,  and  at  equal  temperatures,  they  ccmtain 
unequal  quantities  of  this  power.  But  the  cause  of  this  is 
not  assigned.  May  it  not  then  be  chemical  combinaticm 
of  part  of  the  caloric,  of  that  part  of  it  in  each  body 
which  amounts  to  the  difference  of  the  quantity  it  con- 
tains, compared  with  another  ?  This  opinion  is  at  once 
reftit^sd  by  the  consideration,  that,  were  it  true,  the  quan- 
tity of  free  caloric,  or  caloric  of  temperature,  ought  in  all 
bodies  to  be  the  same,  and  that  consequendy  in  equal 
changes  of  temperature,  equal  quantities  of  caloric  ou^t 
to  be  absorbed,  or  given  out  by  all,  since  the  very  princi- 
ple which  is  assumed  is,  that  the  cause  of  the  differ^ice  in 
the  absolute  quantities  of  caloric  which  bodies  contain  is, 
that  that  portion  in  one  body,  which  exceeds  what  is  godh 
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tained  in  another",  exists  in  it  in  a  state  of  chemical  com- 
bination:. 

Whether,  therefore,  the  question  be  considered  as  re- 
lating to  the  cause,  why  different  bodies  contain,  at  the 
same  temperature,  unequal  quantities  of  caloric,  or  to  the 
cause  why  difierent  forms  of  the  same  body  follow  the 
same  law,  in  neither  case  is  it  probable  that  a  chemical 
ccnnbination  of  part  of  that  caloric  gives  ride  to  the  dif- 
fet&jce.  And  as  ttie  phenomena  are  in  both  cases  the  same, 
they  must  be  ascribed  to  the  same  cause.  Until  this  is  dis- 
covered, the  genieral  fact  ought  merely  to  be  expressed  : 
Caloric,  whether  matter  or  motion,  is  to  be  considered  as 
a  power  diffused  over  matter,  as  the  cause  of  that  state  of 
bodies  termed  their  temperature,  as  having  a  tendency  to 
difibse  itself  until  a  common  temperature  is  formed ;  but 
for  the  production  of  this  temperature  in  different  bodies, 
and  in  equal  forms  of  the  same  body,  unequal  quantities 
of  this  power  are  required.  If  it  be  a  material  agent,  the 
fiaSerence  in  the  quantity  contained  may  be  owing  to  the 
specific  attraction  exerted  by  each  body  j  but  still  this  at- 
traction is  merely  the  force  by  which  the  whole  quantity  is 
retained,  and  does  not  operate  more  on  one  portion  than 
on  another.' 

Some  philosophers  of  eminence,  indeed,  without  alleg- 
ing that  the  difference  in  the  quantities  of  caloric  in  dif- 
ferent bodies,  or  the  absorption  of  it  during  liquefaction 
•  and  vaporization,  is  owing  to  chemical  combination,  have 
supposed,  that  there  may  be  a  portion  of  caloric  existing 
in  bodies  in  such  a  state  of  combination.  Lavoisier  and 
La  Place  inclined  to  this  (pinion,  from  finding  by  experi- 
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xaexAf  that  in  different  cases  of  chemical  uuioi&y  or  of 
change  of  form,  the  quantity  of  caloric  rendered  semiiUe 
does  not  correspond  with  the  changes  of  caf)ftcity  that 
tiake  place,  but  is  sometimes  greater,  at  other  times  less  $ 
whence  they  concluded,  that  a  portion  of  caloric  scni^t  ex.- 
ist  in  bodies  in  some  other  state^  and  probably  in  more  in- 
tkaate  combmation.  They  admit,  however,  that  trivial 
errors  in  the  estimation  of  the  capacities  might  have  fffea 
rise  to  the  appareiitly  discordant  resultslhey  obtained  i  and 
when  the  sources  of  fallacy  attending  such  experim^its 
are  considered,  it  will  ^pear  not  improbable  that  Buch 
errors  must  have  bee^i  present*  Irvine  and  Crawford  de- 
voted much  attention  to-  this  investigation,  and  unifi^rmly 
found,  that  when  bodies  produce  heat  by  mutual  action, 
or  change  of  form,  their  capacities  are  diminished,  and 
that,  on  the  contrary,  when  they  produced  cold  dieir  ca-  - 
pacitie^  were  increased ;  nor  were  the  results  inconsistent 
with  the  law  of  the  changes  of  temperature  being  propor- 
tional to  the  increase  or  diminution  of  capacity,  making 
allowance  for  the  inaccuracies  to  which  such  experiments 
are  unavoidably  liable.  Gadolin  executed  a  very  ext^ 
sive  series  of  experiments  with  the  same  view,  and  drew 
from  them  the  same  conclusion.  Nor  are  there  any  facts 
which,  when  duly  considered,  can  be  regarded  as  a£S:H-d- 
ing  proof,  that  any  portion  of  caloric  exists  in  bodies  che- 
mically combined.  The  hypothesis,  however,  has  often 
been  maintained,  and  the  language  implying  it  is  oftai 
used  by  chemists,  as  if  it  were  established*  It  is  therefore 
necessary  to  remark,  that  it  rests  on  no  just  grounds* 
The  different  quantitieis  of  caloric  contained  in  bodies,  rje-^ 
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gulnled  by  what  we  name  thdr  cspaotm,  cannot  be  re* 
ferred  to  the  operation  of  any  peculiar  foroedifferent  from 
that  by  which  the  whole  quantity  of  caloric  is  contained  % 
ndtfaer  can  the  absorption  and  latent  state  of  the  calofiey 
absorbed  in  lique&cticm  and  vaporization,  be  referred  to 
this  csose..  And  we  have  no  reason  to  believe  that  any  other 
portion  of  caloric  exists  in  bodies  in  a  combined  state.  The 
agency  and  relations  of  this  power  are  indeed  so  peculiar, 
that,:  even  admitting  its  materiality,  we  can  place  little  re^ 
Iianee  on  any  conclusion  tdth  regard  to  its  mode  of  ex* 
iitence,  not  established  by  direct  evidence,  but  resting  on 
analogies  transferred  from  ponderable  substances. 


'From  the  enlargement  of  capacity  and  consequent  ab» 
sorption  of  caloric,  which  attends  liqae&ction  and  vapori- 
sation, some  interesting  applications  both  to  natural  phe» 
nomena  and  to  purposes  of  utility  are  derived. 

Sadh,  for  example,  is  the  fixity  and  uniformity  of  the 
temperature  at  which  bodies  melt.  Ice  melts  at  $2^  of 
Fahrenheit,  and,  when  raised  to  this  temperature,  the  fiu^- 
ther  communication  of  caloric,  however  rapid,  has  no  ef- 
fect in  raising  its  temperature,  till  the  whole  is  converted 
into  water ;  since,  as  quickly  as  the  ice  is  melted)  as  quick- 
ly is  the  caloric  absorbed  by  the  fluid.  Were  it  not  for 
this  absorption  of  caloric,  the  liquefaction  of  ice  and  snow, 
in  the  colder  climates,  at  the  approach  of  spring,  would 
take  place  almost  instantaneously,  when  the  temperature  of 
the  atmosphere  rose  above  S2^ ;  whereas,  from  this,  the 
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melting  is  gradual  and  progressire}  the  water  that  isibm- 
ed  is  distributed  more  slowly,  and  the  too  sodden  rise  o^ 
temperature,  which  in  such  elimate#  would  prove  fatal  to 
vegetable^  is  prevented.  The  reverse  of  this,  too,  or  tht 
extrication  of  caloric^  when  water  is  converted  into  ice,  is 
equalfy  beneficial;  since,  were  it  otherwise,  the  finessing 
of  large  collections  of  water  would  be  extremely  rapid 
when  the  temperature  of  the  atmosphere  fell  below  S2^« 
But,  from  this  extrication,  the  freezing  is  gradual,  and  a 
large  quantity  of  caloric  is  given  out  by  the  wat^r  in  pass- 
ing to  the  solid  state,  by  which  the  approaching  cold  is 
moderated,  and  the  congelation  rendered  more  slow* 

Similar  general  effects  arise  from  the  operation  of  this 
law  in  vaporization.  When  the  earth  is  much  heated  by 
the  sun's  rays,  water  is  evaporated  from  its  surface,  and 
from  rivers  and  the  ocean,  aind  the  conversion  of  this  into 
vapour  is  necessarily  accolnpanied  with  die  absorption  c^' 
caloric.  Hence  evaporation  i^  the  most  powerful  agent 
employed  by  nature  to  moderate  excessive  heat.  On  the 
contrary,  when  the  vapour  of  the  atmosphere  is  conden* 
sed  by  cold,  and  descends  in  rain  or  snow,  it  gives  out  the 
caloric  it  had  received,  which  is  then  beneficial  rather  than 
hurtful. 

The  process  of  aitificial  refrigeration  is  explained  on 
the  same  principle.  By  allowing  water  to  filtrate  slowly 
ihroug}]^  porous  earthen  vessels,  so  as  to  present  an  exten- 
sive humid  surface  to  the  atmosphere,  it  passes  rapidly  in- 
to  vapour,  and  in  this  vaporization  absorbs  so  much  calo- 
ric as  to  produce  a  considerable  degree  of  cold.  Liquors 
are  cooled,  and  in  warm  climates  ice  formed,  by  arrange^ 
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mento  of  ibis  kkid,  even  when  the  temperpture  of  the  at- 
QM)qphere  is  above  3?^. 

The  tl;ieory  of  freezmg  mixtures  is  lilcevise  deduced 
from  the  doctrine  of  latent  caloric.  These  arc  mixtures 
pf  sa^ne  substai^ccs,  wliich,  at  the  common  temperature* 
by  tl^cir  mi^tuol  chemical  action*  pass  n^idly  into  the  fluid 
form*  or  arc  capable  of  being  rapidly  dissolved  in  watery 
and*  by  this  transition  to  fluidity,  absorb  caloric,  and  pro- 
jduce  degrees  of  cold  more  or  less  intense. 

The  use  of  steam  as  a  veliide  and  source  of  heat*  afibrds 
fiXk  example  of  the  scientific  application  of  these  principles. 
By  conveying  it  into  water,  it  is  condensed*  and  by  the 
evolution  of  the  latent  caloric  by  the  condensation*  the 
temperature  of  the  water  is  raised*  so  as  soon  to  arrive  at 
^12^  Where  large  quantities  of  water  are  to  be  heated* 
Jthis  method  has  superior  advantages*  as  by  bavipg  a  co^^ 
mon  boiler*  fironi  whic^  the  vapour  is  conveyed  by  tubes* 
the  loss  of  heat  is  muph  less  than  if  fire  was  apf^ed  to 
difieren^  vessels*  and  the  vessels  are  subject  to  less  wear, 
and  m^y  be  constructed  at  less  expence.  Another  appUr 
cation  of  the  3amc  principles  is  that  of  heating  apartments 
by  conveying  steam  through  tubes*  prpposed  in, an  early 
volume  pf  tlie  Philosophical  Transactions*  and  since  reviv- 
^  The  steam  in  its  progress  is  condensed  gradually*  and 
gives  out  its  latent  caloric,  so  as  to  produce  an  equablf^ 
warmtli. 

The  modem  improvements  in  the  Steam-engine*  as 
they  originated  froin  Dr  Black's  discovery*  so  they  affi>rd 
a  ve^'  striking  exemplification  of  the  doctrine  of  latent  car 
lorijc.     In  the  engine  wrought  previous  to  the  improve- 
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ments  of  Mr  Watt,  the  steam  was  received  into  a  cylin- 
der, to  which  a  piston  was  adapted,  which  was^  raised  by 
the  introduction  of  steam :  this  was  condensed  by  a  jet  of 
cold  water,  and  the  pistoti  was  of  course  f<MPoed  doifn  by 
the  pressure  of  the  atmosphere,  and  by  diese  alternate  ac- 
tions the  machine  was  worked.  But  this  was  attended 
with  an  immense  loss  of  heat ;  for  by  the  jet  of  cold  water 
not  only  was  the  steam  condensed,  but  the  cylinder  was 
likewise  cooled,  as^  it  was  also  by  the  entrance  of  the  at* 
toiospheric  air,  and  the  first  portion  of  steam,  therefore,  that 
entered  was  condensed.  At  each  stroke  of  the  engine  this 
wkate  is  repeated,  and  thus,  according  to  Mr  Watt's  cal- 
culation, at  least  half  of  the  steam  produced  in  the  boiler 
is  k>st.  His  principal  improvements  consisted  in  conden- 
sing  the  steam,  not  in  the  cylinder,  but  in  another  vessel 
communicating  with  it  by  a  pipe  with  a  valve,  and  in 
excluding  from  the  cylinder  the  atmospheric  air,  and  de- 
pressing the  piston  by  steam  introduced  above  it,  and 
ocmdensed  in  the  condensing  vessel  alternately  with  the 
steam  beneath.  The  whole  can  thus  be  kept  at  the  tempora- 
ture  of  212P,  and  the  immense  wast6  of  heat  in  the  qld 
method  k  obviated. 


Sect.  VI. — Of  the  Absohite  Qtiantity  of  Caloric  in  Bodies* 

A  paoBLEM  which  the  Chemists  have  sometimes  propo- 
sisd  for  solution,  is  that  of  determining  the  whole  quantity 
of  caloric  in  bodies,  and  of  course  at  what  distance,  mea* 
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sured  l^  thennoiiietrical  degrees  from'  a  given  tempera- 
ture,  the  point  of  absolute  privation,  or  idiat  they  have 
named  the  real  zero,  woidd  be  placed.  It  is  obvious,  that 
any  reduction  of  tanperature  that  we  can  oommand*'is  &r 
(Ustant  from  the  total  abstraction  of  caloric,  and  it  is  only 
I^  calculation  from  certain  loiown  facts  that  the  lero  can  ^ 
be  determined. 

The  possibility  of  this  occurred  to  Dr  Irvine,  and  the 
principles  on  which  his  method  were  founded  are  extreme- 
ly simple.  Assuming  that  the  caloric  contained  in^bodies  is 
as  their  capacities,  and  knowing  the  difference  between  ^ 
the  capacity  of  a  body  in  its  different  states,  for  example 
in  its  solid  and  liquid  states,  it  is  obvious,  that  if  wc 
ascertain,  by  experiment,  the  quantity  of  caloric  which  it 
absorbs  cf  gives  out  in  passing  from  one  state  to  the  other, 
we  can  determine  the  whole  quantify  of  caloric  it  contains  # 
for  the  quantity  evolved  bears  a  certain  proportion  to  this, 
which  proportion  the  difference  of  capacity  gives.  Thus, 
if  the  capacity  of  water  be  10,  and  that  of  ice  9,  and  if 
the  whole  quantity  of  caloric  which  leach  contains  be  as  its 
oqpacity,  then  water  contains  a  quantity  as  10,  ice  a  quan- 
tity as  9,  or  water  contains  one-tenth  more  caloric  than 
ice  at  the  same  temperature.  This  t«ith  part,  of  course, 
is  given  out  when  water  passes  into  the  state  of  ice ;  the 
quantity  actually  evolved  by  it  we  discover  by  experiment 
to  be  equal  to  what  would  raise  its  temperature  14f0**  of 
Fahrenheit's  scale.  The  water  previous  to  freeeing,  there- 
fore, contained  a  quantity  equal  to  ten  times  this,  or  a 
quantity  equal  to  what  would  elevate  its  temperature  1400^. 
Of  course,  at  this  distance  from  32^  of  Fahrenheit,  it 
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woiild  be  wholly  deprived  of  coloricy  or  the  real  zero 
would  be  placed ;  and  this  would  be  the  same  with  regard 
to  all  Ixidies  measured  by  thermometrical  degrees,  acc»rd- 
ing  to  the  capacity  of  each ;  fixr  although  they  contain  dif- 
ferent quantities,  this  is  only  because  they  require  different 
quantities  to  produce  the  same  elevation  of  temperatiure : 
,  the  degrees  of  temperature  are  the  same. 

Tlie  calculation  of  Irvine  was  confirmed  by  the  experi- 
ments of  Crawford,  and  also  by  those  of  Gadolin,  both 
made  on  the  capacities  of  bodies  combining  together,  the 
capacity  pf  the  compound  formed,  and  the  quantity  of  car- 
loric  absorbed  or  evolved  during  the  combination.  Craw- 
ford, by  determining  the  capacity  of  water,  the  capacities 
of  its  constituent  principles,  and  the  quantity  of  caloric 
evolved  when  these  combine,  found  the  zero  to  be  at  1532 
below  the  freezing  point  of  water;  and  Gadolin,  from  ob- 
serving the  changes  of  temperature  in  the  sblutipu  of  mu- 
riate of  spda  in  water,  and  also  in  the  combmation  of  sul- 
phuric acid  and  water,  compared  with  the  capacities  of 
the  respective  substances,  placed  it  at  1432  below  that 
point.  Other  chemists,  however,  have  obtained  results 
extremely  discordant.  In  tlie  experiments  of  Lavoisier 
and  La  Plage,  the  numbers  arc  very  remote  from  tliose 
above  stated,  and  from  each  otlier ;  and,  in  the  more  re- 
cent experiments  of  Dalton,  are  so  even  to  a  greater  ex- 
tent 5  the  zero  beuig  founc],  from  some  experiments,  at 
3000,  othai's  at  5000,  or  at  7000°  below  the  temperature 
of  freezing  water.  Wo  can,  of  course,  place  little  confi- 
dence in  any  of  these  calculations  y  and  either  the  assump- 
tion on  which  the  theorem  remits,  that  tlic  quantity  of  calo- 
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ric  In  bodies  is  as  their  capaci^,  is  incorrect ;  or  the  expe- 
riments, so  &r  as  relates  to  the  estimation  of  the  capacities, 
mast  be  liable  to  sources  of  error  nearly  unavoidable,  and 
which,  from  being  multiplied  by  the  calculation,  give  rise, 
even  though  trivial  in  themselves,  to  errors  so  great*  Th^ 
tatter  is  probably  the  caise ;  for  the  methods  of  discovering 
the  capacities  of  bodies,  give  us  rather  approximations 
than  absolutely  accurate  results* 

From  the  diversity  of  opinions  which  has  prevailed  with 
r^^ard  to  the  state  in  which  caloric  exists  in  bodies,  seve- 
ral forms  of  expression  have  been  introduced,  and  are  still 
in  use,  which  it  may  be  proper  to  define. 

Free  caforic  is  caloric  in  that  state  in  which  it  expands 
bodies,  and,  accimiulated  to  a  certain  extent,  occasions 
the  sensation  of  heat.  It  is  synonymous  with  the  sensible 
heat  of  Dr  Black,  and  with  the  caloric  of  tempercUwe  ci 
other  chemists. 

Specific  caloric  is  the  quantity  of  caloric  peculiar  to  any 
body  compared  with  anotlier,  and  therefore  expresses  the 
relative  quantities  of  oUoric  contained  in  equal  weights  of 
different  bodies  ^t  the  same  temperature.  It  is  synony- 
mous with  the  comparative  heat  of  Dr  Crawford.  Others 
have  used  the  phrase  relative  heat  in  a  similar  sense. 
Thisi  however,  is  employed  by  Wilcke  to  denote  the  spe- 
cific caloric  of  a  body,  estimated,  not  by  the  weight,  but 
by  the  volume. 

The  disposition  or  property  by  which  different  bodies 
contain  certain  quantities  of  caloric,  at  any  temperature, 
is  termed  their  capacity  for  cahric. 
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Latent  calm^icy  ot  latent^ieat,  is  the  exjpremoia  und  to 
denote  that  quantity  of  caloric  whidh  a  body  abfloriw^ 
when  it  changes  its  form.  Combined  caloric  is  that  por- 
tion 6ui^)OBed  to  be  contained  in  any  body,  in  a  atitte  of 
chemical  combination.  The  Absolute  Heat  of  Cmwferd 
denotes  the  whole  quantity  of  calorie  which  any  body 
contains ;  and  is  expressed,  according  to  the  modem  cfae* 
mical  language,  by  saving,  the  absolute  ^[uantities  of  calo* 
ric  pi'esent  in  bodies. 


S£;gt.  VII. — Of  the  Nature  of  Caloric. 

By  the  ancient  philosophers,  the  cause  of  heat  was  con- 
sidered as  a  peculiar  subtle  fluid  or  dement ;  and  this  opi- 
nion was  received  until  the  time  of  Bacon.  From  obser- 
ving that  the  circumstances  which  cause  augmentation  of 
temperature  are  such  as  excite  motion,  and  that  in  gene- 
ral whatever  produces  motion  produces  heat,  he  advanced 
the  hj^othesis,  that  the  heated  state  of  bodies  depends 
merely  on  vibration  of  their  particles.  Though  this  opi- 
nion was  adopted  by  some  chemists,  particularly  by  Boyfe, 
Newton,  and  Macquer,  the  other,  which  considers  the 
phenomena  of  heated  bodies  as  depending  on  the  presence 
of  a  peculiar  material  principle,  continued  to  be  more  ge* 
nerally  received. 

The  generiil  phenomena  which  are  produced  by  the  ac-^ 
tion  of  caloric,  are  sufRcicntly  explained  on  the  hypothesis 
of  its  being  a  subtle  highly  elastic  fluid,  capable  of  pene* 
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tntdng  bodies,  with  the  exception  of  one  £uniliar  pheno- 
menon,— the  excitation  of  heat  by  friction,  percunon,  or 
^osjupedes  of  motion  producing  vibration  in  the  particles 
of  bodies.  On  the  hypothesis  of  temperature  depending 
on  Ae  presence  of  a  material  ageSnt,  it  is  difficult  to  con- 
ceive how  it  should  be  raised  by  the  operation  of  these 
causes,  and  it  is  from  this  difficulty  that  the  hypothesis  of 
its  depending  on  motion  has  originated. 

The  difficulty  has  appeared  greater,  too,  since  the  exci- 
tation of  temperature  by  friction  has  been  investigatecl 
^th  more  precision  ;  for  it  appears  to  be  produced  with- 
out limitation  while  the  friction  is  applied,  and  without 
any  external  source  whence  it  may  be  supplied.  Rumfbrd 
observed,  that  in  the  boring  of  cannon,  much  heat  is  ren- 
dered sensil)le  by  the  friction.  To  ascertain  its  quantity 
^th  more  accuracy,  he  placed  a  solid  cyhnder  of  brass  in 
*  trough  with  water,  and  applied  the  borer  to  it  in  the 
tisQal  msfnner.  In  an 'hour  the  temperature  had  risen 
fitnn  60  to  107,  and  in  two  hours  and  a  half  the  water  vras 
brought  to  boil,  its  quantity  being  18  libs.,  and  the  appa- 
ratus immersed  in  it,  which  was  of  course  likewise  heated 
to  212^,  being  equal  to  15  libs.  This  excitation  of  heat,  it 
Was  obvious,  was  independent  on  any  action  of  air,  as  this 
Was  excluded  by  the  manner  of  making  the  experiment :  Ao 
water  does  not  appear  to  have  exerted  any  chemical  agencjs 
as  it  suffered  tio  change :  the  caloric,  Rumford  supposed, 
could  not  be  derived  from  tlie  surrounding  matter,  as  ihh 
was  actually  receiving  heat  from  the  body  submitted  to  fric- 
tion, and  it  could  not,  he  conceives,  be  derived  from  this 
body  itself  from  any  diminution  of  capacity  produced  by 
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the  friction,  as  the  capacity  of  the  borings  of  the  metd  he 
found  to  be  the  same  with  that  of  the  mass  of  metaL  He 
concludes,  therefore,  that  what  was  thus  fumished»  appa- 
rently without  limitajtion,  could  not  be  mafierial,  and  that 
it  is  difficult  to  conceive  of  any  thing  ci^Ue  of  being  ex- 
cited in  the  manner  the  heat  was  excited  gnd  cbmmuni- 
cated  in  these  experiments,  except  motion.  E3q>eriments 
giving  a  similar  result  were  published  neaiiy  at  the  same 
time  by  Mr  Dav}'. 

In  comparing  the  two  hypotheses  thus  advanced  on  the 
nature  of  caloric,  little  doubt  can  remain  of  the  superiori- 
ry  of  that  which  regards  it  as  a  material  principle;  for  the 
general  phenomena  connected  with  its  operation  receive 
a  satisfactory  explanation  from  this  assumption,  at  least 
with  the  exception  of  the  difficulty  now  stated ;  wbil^j  <m 
the  opposite  h^othesis,  that  it  arises  from  vibration  or 
inotipn  of  the  particles  of  matter,  these  phenomena  are 
very  imperfectly  explained^  &pan^ion,  fluidily^  and  va- 
porization, may  be  conceived  to  arise  from  the  introduc- 
tion pf  an  elastic  fluid  counteracting  the  mutual  attraction 
of  the  particles  of  matter :  this  fluid,  it  is  sufficiently  pro- 
bable a  pi^iorij  may  have  peculiar  relations  to  different 
bodies,  may  therefore  be  propagated  through  them  with 
different  degi'ees  of  facility,  be  contained  in  them  in  a 
given  state  in  unequal  quantities,  or  may  act  upon  them 
unequally,  so  as  in  equal  quantities  to  produce  unequal 
effects.  Considering  caloric,  on  the  other  handp  as  a- 
rising  from  vibration,  it  is  not  obvious  how  this  should 
produce  even  the  most  general  effect,  that  of  expansion: 
we  do  not  perceive  how,  when  accumulated  to  a  certaip 
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fastent^ii  should  give  rise  to  permanent  rqpukion :  we  are 

equally  at  a  loss  to  account  for  the  law  which  regulates  its 

<&stribation  in  bodies,  ,as  producing  temperature,  or  the 

laws  of  its  communication,  which  are  different  fh)m  those 

of  motion. 

To  establish  this  superiority  more  decidedly,  there  re- 
mains to  be  explained,  on  the  assumption  of  the  materia- 
lity of  caloric,  its  excitation  by  fricticm.  Is  the  foUoi^ving 
hypothesis  adequate  to  this  ?  By  friction,  or  siniilai*  causes 
of  motion,  the  particles  of  bodies  are  tlirown  into  a  state, 
of  vibration ;  they  alternately  approach  to,  and  recede 
from  each  other.  In  their  approach^  the  common  law 
with  regard  to. the  effect  of  condensation  on  temperature 
jnust  be  observed,  or  heat  wiU  be  excited ;  in  the  corre- 
sponding retrocession,  heat  will,  no  doubt,  from  the  same 
cause,  be  absorbed,  ]^^w,  is  it  possible,  that  in  this  re- 
trocession the  layer  of  matter:,  in  the  state  of  vibriation, 
^  may  rather  receive  caloric  from  the  contiguous  layer,  and 
ultimately  from  tlie  rest  of  the  mass,  than  re-absorb  that 
which  had  been  evolved  in  the  preceding  approximation, 
that  in  this  way  a  current  of  caloric  may  flow  towards  the 
vibrating  surfiice,  and  a  constant  evolution  of  it  be  kept 
up  ?  The  possibility  of  this  will  perhaps  be  established  by 
proving,  that  an  analogous  case  occurs  in  which  this  hap- 
peDS.  The  excitation  of  electricity  by  friction  affords  it. 
The  surface  affording  electricity  is  in  a  state  of  vibration 
from  the  friction  applied  to  it ;  and  the  phenomena  of  elec- 
tricity prove,  that  the  electric  fluid  forced  out,*  probably 
by  the  approximation  of  the  particles  from  the  vibration, 
is  not  re-absorbed  in  the  following  retrocession,  but  forms 
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an  atmofiphere  aiound  the  dectric  bodyt  or  is  carried  off 
by  the  surrounding  matter,  while  a  new  portion  is  reoeifcd 
from  the  mass  in  contact  with  the  excited  sur&ce,  and  uL* 
timately  from  the  earth,  so  that  a  constant  evolution  of  it 
can  be  continued,  while  die  friction  is  iq>plied.  CSakrio 
may  follow  the  same  law,  though,  from  not  having  that 
relation  which  electricity  has  with  r^;ard  to  oonductaig 
and  non-conducting  matter,  this  is  not  so  easily  established. 
If  it  do  operate,  it  may  give  rise  to  similar  phenomena,  at 
least  to  a  less  extent* 

The  evolution  of  caloric,  from  this  cause,  is  no  doubt 
connected  with  diminution  of  capacity;  and  that  this 
should  happen,  is  even  rendered  extremely  probable,  from 
the  effect  of  condensation  on  the  capacities  of  bodies,  as 
already  illustrated.  But  this  diminution  of  capaci^  is 
only  momentary,  though  constantly  renewed ;  and  the  ex« 
periment,  therefore,  by  Rumford,  of  ascertaining  the  ca- 
pacity after  the  friction  has  ceased,  is  wholly  inconclusive. 
It  is  farther  to  be  remarked,  that  a  very  slight  diminution 
of  volume  may  be  sujfficicnt  to  produce  a  considerable 
elevation  of  temperature.  Berthollet  has  justly  remarked, 
with  regard  to  llumford's  experiment,  that  a  very  large 
atldition  of  caloric  is  requisite  to  produce  even  a  small 
augmentation  of  volume  in  a  mass  of  solid  metal,  and  that 
of  course  a  small  reduction  of  volume,  and  therefore  an 
approximation  of  the  particles,  during  friction,  far  from 
considerable,  may  evolve  a  large  quantity  of  heat. 

J  he  conveyance  of  caloric  through  a  vacuum  has  been 
advanced  as  a  proof  of  its  distinct  existence  as  a  material 
principle  ^  but  no  perfect  vacuum  probably  can  be  formed, 
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•nd  ike  proof  therefore  is  defective.  The  phenomena  of 
radiaiit  caloric  sqppears  to  demonstrate  the  actual  existence 
of  a  subtle  matter  projected  in  right  lines  from  heated 
bocjiies,  capable  of  exciting  temperature,  and  this* would 
afford  a  conclusive  proof  of  its  materiality,  were  it  unequi- 
vocally established  that  these  phenomena  are  wholly  iude- 
pe^nt  of  the  air  j  but  on  this  point  the  speculations  of 
Mr  Leslie  leave  some  doubt.  The  existence  of  calorific 
fays  in  the  solar  beam  might  be  omsidered  as  affording 
similar  evidence;  but  the  degree  of  uncertainty  under 
wlueh  the  fact  still  remains  with  regard  to  this,  leaves  an 
eq^  uncertainty  as  to  tlie  force  of  the  conclusion.  Tho* 
^  hypodiesis,  therefore,  c^  the  materiality  of  caloric,  is 
siqperkyr  in  its  adaptation  ta  the  phenomena  to  that  which 
^s^gDS  the  production  of  these  phenomena  to  motion  of 
die  particles  of  matter,  it  can  scarcely  perhaps  be  con-  • 
sidered  as  fully  established. 

It  may  be  added,  that  those  who  have  denied  the  mate- 
^ty  of  this  poller,  have  limited  the  discussion,  by  em- 
bracing the  hypothesis  of  Bacon,  that  the  heated  state  of 
bodies  arises  frpm  vibration  of  their  particles, — an  hypothe-* 
^  which  gives  no  adequate  explanation.  But  the  ques- 
^on  need  not  be  considered  under  this  restricted  view. 
Caloric,  if  its  materiality  be  not  admitted,  may  be  con- 
sidered as  a  general  force  producing  repulsion ;  and  if  we 
>et  aside  the  facts  with  regard  to  its  apparent  radiation, 
this  perhaps  would  not  be  the  most  improbable  opinipn  on 
the  nature  of  this  power.  Our  knowledge,  however,  is 
not  sufficiently  advanced  on  this  subject,  and,  in  particu- 
lar, while  the  relations  of  caloric  to  light  and  to  electricity 
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remain  imperfectly  developed,  and  the  nature  of  theM 
agents  is  unknown,  any  hypothesis  with  regard  to  the 
former  must  rest  on  imperfect  grounds. 

The  question  with  regard  to  the  materiality  of  caloric 
has  been  attempted  to  be  determined,  by  discovering  if  it 
is  subject  to  gravitation,  or  has  weight.     The  iny^tiga- 

# 

tion  of  this  has  given  rise  to  very  discordant  resulta(  some 
experiments  appearing  to  establish  its  gravity,  others  &- 
vouring  even  the  opposite  conclusion,  that  it  counteracts 
gravitation,  and,,  communicated  to  bodies,  renders  them 
positively  lighter*  These  differences  arise  from  the  di&- 
culties  attending  the  experiments ;  and  from  the  subtility 
of  this  agent,  it  is  not  to  be  expected,  even  if  it  were  sub* 
ject  to  gravitation,  that  this  could  be  discovered  by  any 
apparatus  we  can  employ.  We  might  probably  as  well 
attempt  to  weigh  the  particles  of  light.  In  some  of  the 
experiments,  accordingly,  made  with  the  greatest  car^,  and 
with  the  most  delicate  appai^atus,  no  sensible  difference  in 
weight  in  a  body  could  be  discovered  when  caloric  was 
communicated  to  it,  and  when  it  was  withdrawn. 


JSect.  VIII. — Of  the  Sources  of  Variations  of  Tempera^ 
iure^  and  the  Ap])lications  of  these  to  Practical  Chemistry- 

The  tendency  of  caloric  being  to  diffuse  itself  over 
matter,  until  an  equilibrium  of  temperature  is  established, 
this  would  at  length  be  attained,  did  no  externd  causes 
operate  by  which  it  is  counteracted.     Such  uniformity  of 


«\ 
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temperature,  however,  would  be  incompatible  with  the 
Varied  (^rations  of  nature ;  it  is  therefore  prevented  by 
certain  general  arrangements,  constant  in  their  action, 
giving  rise  to,  and  bounding  that  extent  of  variation 
which  these  operations  require. 

The  great  source  of  natural  heat  is  the  action  of  the 
solar  rap.  As  every  part  of  the  earth's  surface  is  not 
equally,  and  at  all  times  exposed  to  this  action,  inequality 
of  temperature,  giving  rise  to  variety  of  climate,  and 
change  of  season,  is  established.  The  extreme  of  heat, 
which  might  accumulate  where  the  action  of  the  solar  rays 
is  most  powerfid,  is  preserved  within  due  limits  by  changes 
to  which  the  operation  of  this  heat  itself  gives  rise,  and 
which,  so  perfect  is  this  adjustment,  are  even  rendered 
Sttbserrient  to  moderating  cold,  where  it  might  become 
intense. 

These  important  effects  are  obtained,  principally  by 
changes  in  the  atmosphere,  and  in  the  distribution  of 
water.  When  the  surface  of  the  earth  is  heated,  a  portion 
of  this  heat  being  conununicated  to  the  air  incumbent  on 
it,  this  is  expanded,  and  of  course  ascends  $  an  ascending 
current  is  established,  which  is  supplied  by  colder  and 
more  dense  air  pressed  from  every  side;  the  accumulation 
of  heat  is  retarded,  and  the  warmer  air,  propelled  to 
colder  climates,  gradually  gives  out  the  heat  it  had  re^ 
cdved.  Tlie  agency  of  water  is  scarcely  less  important. 
As  the  temperature  is  elevated,  it  evaporates  in  greater 
quantity,  and  in  passing  into  vapour  absorbs  caloric,  from 
its  increasing  capacity,  without  rising  in  temperature : 
when  the  heat  diminishes,  or  the  vapour  is  carried  t9 
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colder  regkois,  it  is  condensed,  and  this  latent  calbriie  i 
rendered  sedisible.  Where  the  ccid  becomes  more  intenie^ 
water  is  cotigealed,  and  in  the  congelation  gives  out  the* 
large  portion  of  latent  caloric  peculiar  to  it  in  the  liquid 
form :  at  the  return  of  warmth,  the  ice  is  melted,  and  cft- 
Imric  absorbed.  Hie  transitions  of  seasons  are  thus  mo--^ 
d^ated,  sudden  and  extreme  variations  guarded  against^, 
and  the  temperature  of  the  globe  is  every  where  preserved 
more  uniform: 

The  range  of  natural  temperature  is  comparatively  mo- 
derate,  extending  only  from  a  few  d^ees  above  100  of 
Fahrenheit  to  about  50  below  the  commencement  of  the 
scale.  In  tropical  climates,  the  heat  in  the  shade  rises  oc- 
casionally to  1 10®.  In  the  north  of  Asia  and  of  Ameri- 
ca, the  cold,  in  the  winter  season,  is  sufficiently  intense  to* 
freeze  quicksilver,  and  must  therefore  be  lower  than  —40 ;, 
the  spirit  thermometer  has  been  observed  to  indicate  — ^50, 
and  there  is  no  reason  to  believe  that  any  natural  cold 
much  exceeds  this.  The  medium  heat  of  the  globe,  and 
which,  at  a  sufficiait  depth  from  the  sur&c^,  is  stationary, 
is  about  50    of  Fahrenheit. 

The  range  of  temperature  as  excited  by  artificial  me- 
thods is  much  greater.  We  cannot  indeed  exceed  great- 
ly the  greatest  natural  cold,  the  reduction  of  temperature 
by  the  most  powerfid  freezing  mixtures  not  being  more 
than  — 90,  or  122  below  the  freezing  point  of  water.  But 
our  power  of  exciting  heat  is  less  restricted ;  it  has  been 
measured  so  high  as  160°  of  Wedgwood's  pyroroetrical 
scale,  or  21,877°  of  Fahrenheit ;  and  as  aj:  this  tempera- 
ture effects  were  not  produced,  which  can  be  obtained 
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from  the  concentration  of  the  solar  rays  by  a  powerfiil 
lens  or  specuhim,  or  by  the  heat  excited  by  a  current  of 
oxygen  gas  directed  on  burning  charcoal,  heats  nKKre  in- 
tense than  this  are  of  course  under  our  command. 

An  important  subject  in  practical  chemistry,  is  that 
which  relates  to  the  processes  for  obtaining  and  applying 
artificial  heat  and  cokL  An  account  of  these,  and  a  de- 
scription of  the  apparatus  adapted  to  them,  omcludes  the 
chemical  history,  of  caloric. 


The  sources  of  heat  are,  the  Solar  rays,  Electricity  and 
Galvanism,  Condensation,  Mechanical  action  between 
solidfl,  including  Friction  and  Percussion,  and,  lastly,  Che^ 
mical  action,  to  which  Combustion  belongs. 

From  the  action  of  the  solar  rays  without  concentration, . 
the  thermometer  is  raised  to  above  100,  and  when  protect- 
ed from  a  current  of  air,  even  to  ^bove  feOO.  When  con- 
centrated by  a  lens  or  mirror,*  the  heat  is  of  extreme  in- 
tensity, equal  nearly  to  any  that  can  be  excited  by  artifi- 
cial arrangement,  all  the  metals  and  earths  nearly  being 
melted  by«it,  and  many  of  them  even  dissipated  m  vapour. 
It  admits,  however,  of  very  limited  application  from  the 
quantity  of  matter  on  which  it  can  be  made  to  operate. 

The  electric  spark  produces  heat  sufiicient  to  Idndie  a 
combustible  body,  and  the  discharge  from  a  battery  raises 
the  tanperature  of  the  matter  through  which  it  is  trans- 
mitted to  a  degree  more  or  less  intense,  according  to  the 
strength  of  the  discharge.    *  The  galvanic  discharge,  which 
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\t  merely  a  different  form  of  dectricity,  produces  heat  stUI 
more  iRtense,  melting  the  most  refractory  of  the  metab, 
and  causing  all  of  them  to  bum.  These  are  afterwards  to 
be  considered. 

The  effect  of  condemnation  in  producing  heat  is  most 
conspicuous  in  the  compression  or  rarefaction  of  elastic 
fluids,  as  in  these  a  connderable  chai^  of  volume  can  be 
suddenly  produced.  By  condensing  a  gas^  its  tempera^ 
ture  is  always  raised,  and  by  a  forcible  and  rapid  conden- 
sation, this  extends  even  to  the  temperature  of  ignition,  a 
piece  of  tinder  being  easily  kindled  by  condensing  the  air 
in  a  metallic  tube.  In  rarefying  any  elastic  fluid,  cold  is 
always  produCtE^d. 

Friction  and  Percussion  are  well-known  sources  of  hait 
Two  solid  bodies  rubbed  against  each  other  always  beccnne 
warm,  and  frequently  so  much  so,  that  if  inflammable 
they  are  kindled ;  the  heat  excited  varies  according  to  the 
hardness,  elasticity,  and  other  qualities  of  the  body ;  the 
hardest  are  not  those  that  are  most  heated.  Of  heat  from 
percussion,  the  spark  struck  by  steel  from  a  flint  is  a  fa- 
miliar example,  in  which  the  temperature  is  raised  to  ig- 
nition. 

Chemical  action  is  perhaps  invariably  attended  with  a 
change  of  temperature  \  it  is  often  productive  of  heat,  and 
in  some  cases  in  a  state  of  high  intensity.  Combustion  is 
an  example  of  this,  this  process  being  the  combination  of 
one  of  the  aerial  ingredients  of  the  atmosphere,  oxygen 
gas,  with  the  combustible  body,  and  the  heat  produced  a^ 
rising  directly  from  this   combination.     It   is   therefore 
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snuch  pegalated  by  the  rapidity  with  which  the  cojnbinar 
tion  is  effected.   . 

If  oxygen  gas,  in  its  pure  form,  be  supplied  to  the  com- 
bustible matter,  the  combustion  is  extremely  rapid,  and, 
of  course,  the  heat  is  intense,  and  by  this  method,  indeed, 
we  obtain  the  highest  degree  of  heat  which  appears  to  be 
capaUe  of  being  excited  by  artificial  arrangements.  The 
oxygen  gas  is  either  directed  in  a  stream  on  ignited  char- 
coal, or  a  current  of  it  is  lAingled  with'  a  current  of  an  in- 
flammable  elastic  fluid,  hydrc^n,  and  the  mixed  gases  are 
kindled.  By  either  of  these  modes,  a  heat  is  excited  su- 
perior to  that  in  the  focus  oi  the  most  powei^id  burning 
lens,  and  almost  every  substance  niay  be  fused  or  diissipa^ 
ted  by  it. 

In  exciting  combustion,  merely  by  supplying  atmosphe- 
lic  air  to  the  burning  body,  it  is  accelerated,  and  of  course 
the  heat  is  increased  by  certain  arrangements,  causing  the 
air  to  be  more  freely  and  rapidly  supplied.  On  this  prin- 
ciple, in  particular,  is  founded  the  construction  of  furnaces, 
a  kind  of  apparatus  extensively  employed  in  chemical  ex- 
periments, as  applying^heat. 

The  essential  parts  common  to  every  fiimace,  are  the 
1)ody  or  fire  place  in  which  the  fuel  bums,  and  where  the 
vessel  containing  the  materials  to  be  operated  on  is  pla- 
ced,— ^the  chimney  by  which  the  smoke  and  heated  air 
escape, — and  the  ash-pit  designed  to  receive  the  ashes  of 
the  fuel,  and  by  apertures  in  which  air  is  admitted  to  re- 
gulate the  combustion.  The  advantage  from  an  appara- 
tus of  this  kind  in  exciting  combustion,  is  derived  from  its 
causing  a  more  rapid  circulation  of  air.    The  air  in  the 
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upper  part  of  the  furnace  is  rarefied  by  the  burnii^  fuel  i 
it  therefore  ascends  by  the  chimney,  and  colder  bit  being 
pressed  in  beneath,  rises  through  the  interstices  of  the 
fiiel,  and  produces  a  rapid  combusticNO.  From  this  it  is 
evident,  that  the  higher  the  chimney  is,  (at  least  to  the  exr 
tent  of  the  air  within  it  not  being  much  cooled,)  the  .inore 
rapid  the  current  of  air  will  be,  for  the  difference  will  be 
greater  between  the  specific  gravity  oi  the  ccJumn  of  heat- 
ed air,  and. the  corresponding  column  of  the  external  at- 
mosphere. On  this,  therefore,  principally  depends  the 
power  of  the  furnace  to  produce  intensity  of  heat* 

It  is  necessary,  too,  to  ccmfine  the  heat  and  prevent  its 
dissipation.  This  is  accomplished  by  coating  the  inner 
sur&ce  with  some  substance  which  transmits  the  heat  slow- 
ly, as  a  lute  of  clay  and  sand,  which  likewise  serves  to  de- 
fend the  furnace,  when  constructed  of  metal,  from  the  ac* 
tion  of  the  fire.  When  fixed,  and  built  of  brick,  the  build- 
ing is  a  sufficiently  imperfect  conductor  to  confine  the 
heat. 

A  very  convenient  general  furnace,  applicable  to  most 
of  the  operations  of  chemistry,  was  contrived  by  Dr  Black. 
It  is  represented  Plate  II.  Fig.  11.  A  is  the  body  of  the 
furnace,  of  an  elliptical  form,  which  contains  the  fuel^  and 
frequently  the  substance  to  be  operated  on,  made  of  plat^ 
iron,  and  lined  to  the  thickness  of  two  or  three  inches, 
first  with  a  mixture  of  clay  and  charcoal,  beat  into  a  paste 
with  water,  and  over  this,  next  to  the  fuel,  with  a  coating 
of  clay  and  sand.  On  the  top  of  the  body  is  fixed  an  iron- 
plate,  having  two  apertures,  one,  a,  placed  over  the  cavity, 
and  designed  to  receive  an  iron-pot  with  sand,  the  other 
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«maller,  to  vfaidi  the  chimney,  B,  made  of  a  tube  of  mm> 
is  fixed.  -  C  represents  the  grate,  in  a  plate  of  iron  which 
is  fixed  to  the  bottom  of  the  body  of  the  furnace,  nearly, 
hut  not  exactly  opposite  to  the  larger  aperture  in  the  up*- 
p»  plate.  D  is  the  ashpit,  the  body  of  the  furnace  being 
reoeifed  into  it,  and  resting  on  a  strong  ring  round  the 
cavity,  at  about  half  an  inch  deep.  In  this  ash-pit  is  a 
door,  6,  turning  on  hinges,  to  remove  the  ashes;  and  a 
register,  r,  designed  to  regulate  the  admission  of  air.  It 
is  ft  plate  of  iron,  in  which  are  six  apertures,  filled  with 
plugs ;  the  size  of  them  increasing  in  geometrical  ratio,  so 
that  by  opening  them  singly,  or  in  combination,  the  sup* 
ply  of  air  to  pass  trough  the  fuel,  and  consequently  the 
heat  to  be  excited  in.  the  furnace,  can  be  regulated  with 
precbicm.  Tlie  fiiel  is  introduced  at  the  top^  but  as  it  can- 
not easily  be  supplied  this  way  in  the  progress  of  the  pro- 
cess going  on  in  the  fiimace,  at  least  when  the  sand-pot  is 
used,  the  fiimace  is  scnnetimes  ccmstructed  with  a  door  in 
the  dde,  though  this  renders  the  regulation  of  the  admis^ 
sioQ  of  air  less  perfect  When  the  furnace  is  used  tor  iu- 
^ioa,  or  similar  purposes  where  a  sand-pot  is  not  required, 
the  upper  apertil^re  is  covered  with  a  dome.  ^ 

hiqserations  on  a  larger  scale,  a  fixed  furnace  of  brick, 
^  capable  of  exciting  an  intense  heat,  is  required.  Fig. 
12.  represents  the  usual  form  of  a  melting  furnace  of 
this  kind,  the  structure  of  which  is  obvious  from  the  figure. 
A  is  the  cavity  of  the  furnace,  terminating  by  a  passage  in 
^^G  chimney  B,  which  is  raised  to  the  requisite  height.  At 
C  is  an  aperture  covered  with  a  plate  of  iron,  or  of  lire- 
^dci  throu^  which  fuel  is  introduced.  On  the  grate^  D^ 
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is  placed  ft  covered  cruciUe)  on  ft  pedestal  of  baked  da^, 
and  in  the  passag^e  of  the  chunney,  at  a,  a  mufflei  is  mbm* 
times  placed ;  E  is  the  ash-pit,  through  which  the  air  k 
admitted  to  the  fuel. 

When  solid  substances  are  to  be  exposed  to  thoK  in* 
tense  heats  to  fuse  them,  or  to  fiiyoor  their  mutual  chemin 
cal  action^  crucibles  are  the  vesseb  generalfy  employedf  far 
experimental  purposes.  The  Hessian  crucible,  asiti^na* 
med,  is  a  species  of  earthen-ware  or  baked  clay,  whidi 
stands  the  most  intense  heat  without  fusing ;  the  only  dis- 
advantage attending  it  is,  that  it  is  liable  to  be  cracked  by- 
very  sudden  alterations  of  t^nperature.  The  bl^ck-iead 
crucibles,  made  of  plumbago  and  clay  baked,  are  not  lia- 
ble  to  this,  and  are,  therefore,  oflen  used,  especially  in  fii* 
sing  metals ;  from  a  number  of  saline  substances,  however, 
they  sufifer  corrosion.  The  usual  form  is  represented  Fig. 
1 3.  Crucibles  of  platina  are  sometimes  used.  Cupels  are 
small  cups  made  of  bone-ashes,  very  porous :  they  are  used 
principally  in  refining  the  more  precious  metals,  which  are 
not  oxidated  by  beat  and  air,  any  oxidable  metal  combi- 
ned with  them  soon  suflering  this  change,  and  the  vitri- 
fied oxide  being  absorbed  by  the  cupel.  They  are  placed 
under  an  arched  earthen  vessel,  open  at  the  end,  named  a 
Muffle,  Fig.  14'.  by  which,  while  the  fiiel  is  excluded,  die 
air  which  is  necessary  in  the  process  is  freely  admitted. 

In  applying  a  more  moderate  and  equable  heat  to  fa- 
vour chemical  action,  the  medium  of  sand,  forming  the 
Sand  Bath,  is  generally  employed,  and  glass  vessels  nam- 
ed Matrasses  or  Cucurbits  are  used.  The  cucurbit  is  re- 
presented, with  the  alembic,  PI.  III.  Fig.  18.  as  the  ap- 
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heat  comparatively  intense  k  excited.  It  m  used-  Igr  Ap, 
chexnist  and  min^alogist  to  ascertain  the.fusil^tiea  of  bor  > 
dies,  and  by  the  artists,  in  enamelling  and  in  ^working  oil 
glass,  which  is  melted  by  it,  so  as  to  be  c^Mible  of  being 
moulded  into  any  shape,  or  |;dow  into  vessels  of  a  small, 
bizew 

The  facility  <>f  blowing  through  the  blow-pipe«  so.as  ta. 
keep  up  a  constant  fitreanl  of  air,  is  not  easily  acquired* 
and  it  is  fatiguing  to  continue  it  for  any  length  of  time. 
DifTerent  contrivances  have  been  had  recourse  to,  to  ob- 
viate this  inconvenience.  The  instrument  is  sometimes 
connected  by  a  flexible  tube  with  double  beUows  worked 
by  the  foot,  by  which  a  uniform  stream  of  air  is  forced 
through  the  tube.  The  vapour  of  spirit  of  wine  has  been 
applied  to  the  same  purpose :  a  quantity  of  spirit  being 
put  into  a  small  vessel,  which  is  heated  over  the  flame  oi 
a  lamp ;  and  the  vapour  conducted  through  a  curved 
tube  is  directed  on  the  flame  of  a  candle,  or  that  of  a  wick  / 
placed  in  a  different  part  of  the  same  tin  lamp  as  that  by, 
which  the  spirit  is  heated.  A  safety  valve  is  adapted  to 
the  vessel  containing  the  spirit,  to  render  the  flame  more 
regular. 

TKe  sources  of  Cold  are  Rarefaction,  Evaporation,  and 
Chemical  Action. 

The  operation  of  the  first  is-  scarcely  conspicuous  but 
in  elastic  substances,  as  in  these  only  can  the  volume  be . 
suddenly  changed  to  any  considerable  extent.     When  a 
gas  is  rarefied  by  removing  pressure  from  it,  its  tem- 
perature always  falls,  and  the  more  sudden  and  great  the 
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van&ction  is^  the  oold  prodaced  is  greater.  By  allowix^ 
air,  previously  compressed^  to  expand  suddenljr,  the  temr 
perature  is  reduced  bebw  32°. 

In  the  transition  of  substances  to  the  aerial  form,  an 
uigmentation  of  capacity  always  happens,  whence  an  ab- 
sorption  of  caloric  follows.  Evaporation,  therefore,  is  air 
Rrays  attended  with  cold,,  and  is  greater,  according  as  the 
liquid  passes  more  quickly  into  the  aerial  form,  or  as  this 
A  accelerated  by  circumstances.  Thus,  the  bulb  of  a 
liermometer  being  moistened  with  water,  and  the  evapo- 
«tU«i  being  promoted  by  directing  a  current  of  air  on  iti 
[he  temperature  falls  5  degrees,  with  alkohol  under  the 
same  circumstances  12  degrees,  and  with  sulphuric  ether 
$0  degrees.  On  removing  the  pressure  of  the  atmosphere, 
lie  ^aporation  is  of  course  more  rapid,  and  hence  the 
zdd  is  greater* 

Chemical  action  is  a  source  of  much  more  intense  cold, 
bfy  the  rapid  change  of  form  to  which  it  gives  rise,  solid 
substances,  by  combining,  passing  into  the  liquid  form,  and 
this  being  attended  with  enlargement  of  capacity. 

The 'most  simple  example  of  this,  is  in  the  solution  of  a 
salt  in  water,  which  is  always  attended  with  a  fall  of  t€»n- 
perature,  in  some  cases  to  the  extent  of  20,  30,  or  40  de- 
grees. When  mixtures  of  salts  are  dissolved,  the  reduc- 
tion is  still  greater,  and  these  form  what  are  usually 
named  Freezing  Mixtures.  Equal  p&rts  of  muriate  lof 
ammonia,  and  of  nitre  in  powder,  added  to  water  in  the 
proportion  of  5  parts  to  8,  reduce  the  temperature  fixHn 
50^  to  1 1^,  ^d  this  forms  one  of  the  most  economical  of 


204  OF  CALORIC. 

fl^  nuxtores.  „  the  «lid  n-tter  re«,.ered  by  e«ip^ 
tian,  and  dried,  answera  equally  well  as  before. 

« 

By  dissolving  salts  in  acids  more  or  less  diluted^  greater' 
degrees  of  cold  are  obtained.  Sulphate  of  soda,  added  to^ 
sulphuric  add,  preytously  diluted  with  an  equal  vm^tA^c^ 
water,  depresses  the  temperature  from  50^  to  5^»  Mix- 
tures of  salts  cause  a  still  greater  depression.  Fvoia 
phoq>hate  of  soda,  and  nitrate  of  ammonia,  added  to  di* 
luted. nitric  acid,  a  reduction  is  obtained  from  50  to-r-2}. 

Tl^e  cold  from  similar  actions,  exerted  between  these 
substances,  and  ice  or  snow,  is  still  more  intense ;  as  in  the 
change  which  results,  the  absorption  of  caloric  from  the 
liquefaction  of  the  ice  is  added  to  that  from  the  solutipn 
of  the  saline  matter.  Acids,  in  a  certain  state  of  dilution, 
poured  on  snow  or  ice,  reduce  the  temperature  to  10,  20, 
or  30  degrees  below  the  freezing  point  of  water.  Solid 
salts  mixed  with  snow  are  often  equally  powerful.  A 
mixture  of  common  salt  and  snow,  afforded  Fahrenheit 
the  temperature  at  which  he  commenced  his  scale.  A 
mixture  of  dry  potash  and  snow  i*educe^  the  temperature 
to  —53®,'  and  a  mixture  of  muriate  of  lime  and  snow  to 
— 56"". 

From  ihe  application  of  these  freezing  mixtures,  the  ef- 
fects of  intense  cold  on  a  number  of  substances  have  been 
ascertained.  Quicksilver  is  easily  rendered  solid ;  the 
most  ductile  of  the  metals  lose  their  ductility ;  liquids 
that  resist  freezing  most  powerfully,  as  wines,  brandy, 
ether,  and  nitrous  acid,  are  congealed ;  and  some  of  the 
gases  that  appear  permanent,  as  ammonia,  and  oxy-muri- 
4itic  acid  gas,  have  been  brought  to  the  liquid  form.     This 
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proeeBB  of  artificial  refrigeration  requires  to  be  conductedi 
irith  attei^tion  to  several  circumstances.  The  solid  salta 
oo^t  to  be  recaithjT  crystallized,  dry,  and  reduced  to  fine 
.powder,  the  due  proportions  observed,  the  materials  ao* 
eurately  mixed,  the  vessel  employed  an  imperfect  condiMV 
tor,  thQ>  air  excluded  as  much  as  possible,  and,  to  attaizr 
^  odreme  cold,  the  materials  must  be  previously  cooled^ 
taking  care  only  not  to  cooLthem  below  that  temperature 
at  which  th^  can  act  on  each  other. 

Hie  theory  of  the  action  of  fi'eezing  mixtures  ultimate- 
ly rests  on  the  pirinciple,  that  the  reduction  of  temperatui^ 
arises  firom  the  augmentation  of  capacity^  produced  by  the 
rapid  liquefaction  of  the  solid  ingredients.  There  are 
some  general  facts,  however,  connected  with  diis  of  con- 
sideraUe  interest,  particularly  as  enabling  us  to  point  out 
what  substances  are  best  fitted  by  their  mutual  action  to 
produce  cold,  what  degree  of  cold  may  be  expected  firom 
their  mixture,  what  will  be  the  maximum  of  refrigeration, 
and  what  the  best  proportions  of  the  materials 

It  is  obvious,  that  those  substances  will  produce,  the 
greatest  cold,  which,  by  their  mutual  action^  produce  the 
most  rapid  sblution, — ^which,  during  that  solution,  sofier 
the  greatest  augmentation  of  capacity,— and  which  form  a 
compound  that  at  low  temperatures  remains  liquid.  There 
is  perhaps  no  individual  mixture  in  which  these  drcum^ 
stances  are  present  to  the  greatest  extent  \  yet  the  know«^ 
ledge  of  them  enables  us  to  point  out  the  respective  power* 
of  the  mixtures  usually  employed. 

Thus,  in  the  solution  of  a  salt  in  water,  there  is  marefy 
the  gradual  transition  of  the  solid  to  the  ffuid  form  ;  hence 
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the  cold  produced  is  not  considerable.    When  two  saki 
tre  mingled  together,  these,  by  their  reciprocal  actioDy 
both  accelerate  the  solution  of  each  other,  and  enside  a 
given  quantity  of  water  to  dissolve  a  greater  quantity :  as 
more  solid  matter,  therefore,  passes  to  the  liquid  state,  and 
does  so  more  quickly,  a  greater  portion  of  calorie  is  ab- 
sorbed in  a  given  time,  and  a  greater  d^ee  of  cold  is 
produced.     The  attraction  of  acids  to  water,  or  rather  to 
the  solid  particles  of  water,  is  strong,  and  their  mutual 
action  energetic ;  ice  too  is  a  substance  which,  in  its  tran- 
sition to  fluidity,  suffers  a  large  augmentation  of  capacity*, 
hence  it  may  be  concluded,  what  experiment  proves  to  be 
just,  that  from  the  action  of  acids  on  snow  or  ice,  a  great 
degree  of  cold  will  arise.     Lastly,  in  the  mixture  of  two 
solid  substances,  which  by  their  mutual  action  pass  to 
fluidity,  the  comparative  enlargement  of  capacity  must  be 
greater,  and  a  greater  diminution  of  temperature  pro- 
duced, though  this  is  in  some  measure  limited  by  the 
greater  slowness  with  which  two  solids  act  on  each  other. 
Another  principle  is  to  be  attended  to,  which  in  these 
mixtures  modifies  the  quantity  of  caloric  that  is  absorbed 
from  the  liquefaction.    Although  the  indirect  consequence 
of  the  chemical  action  between  the  substances  mixed  is 
absorption  of  caloric,  in  consequence  of  the  liquefaction  it 
occasions,  yet  its  direct  tendency  is  to  evolve  caloric,  by 
the  increase  of  density  which  chemical  action,  indq)^- 
dent  of  change  of  form,  always  occasions.     Hence  two  ef- 
fects result  from  the  mutual  action  of  the  ingredients  of 
freezing  mixtures, — evolution  of  caloric,  as  the  immediate 
result  of  the  combination,  and  absorption  of  caloric,  as  the 
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rerab  of  the  liquefiustio]]  to  which  the  combination 'gives 
rise;  and  the  ultimate  e£Gect  is  compomided  of  these,  pr 
the  actual  change  of  t^onperature  is  only  the  excess  of  the 
<meov^:  the  other.  Tliis  is  generally  cold,  but  the  reverse 
8(mietimes  haj^ens,  as  in  pouring  a  concentrated  add  on 
^snow,  or  dissolving  solid  potash  in  water ;  and  where  cold 
is  produced^  it  is  always  lessened  by  this  cause.  It  is 
therefore  sometimes  advantageous  to  diminish  the  energy 
of  the  more  active  substance  by  previous  dilutkm,  as  in 
employing  the  acids ;  and  in  all  cases  there  is  a  certain 
state  of  concentration  of  the  materials,  and  a  certain  pro-* 
pcHtion  of  them,  from  which  the  greatest  cold  wiQ  be.ob* 
tained. 

Lastly,  it  is  to  be  remarked,  that  we^do  not  obtain  the 
rteduction  of  temperature  to  the  lowest  point  in  the  ther- 
mometrical  scale  from  those  mixtures  which,  during  their 
mutual  action,  absorb  most  caloric.  If  we  take  two  freez* 
ing  nnxtin*es  at  32^,  the  one  muriate  of  lime  and  snow, 
the  other  diluted  sulphuric  acid  and  snow,  the  former  wilL 
jnoduce  more  cold  than  the  latter ;  it  wiU  sink  the  thermo- 
meter  to  -—40®^  or — 50^,  while  the  other  will  dnk  it  to 
not  TXiOfre  than — 25  ^ .  But  we  may  reach  a  lower  point  in  the 
scale  of  temperature,  by  successive  application  of  diluted 
sulphuric  acid  and  snow,  than  we  can  do  by  muriate  of  lime 
and  snow;  for,  past  a  certain  temperature,  the  latter  mix- 
ture  does  not  liquefy,  but,  on  the  contrary,  were  it  liquid 
would  become  solid,  while  the  former  remains  liquid  at 
lower  temperatures  than  this.  Jf  we  cool,  therefore,  pre- 
vious to  mixture,  muriate  of  lime  and  snow  to  — 73*^,  no 
advantage  is  gained ;  we  even  rather  diminish  their  mu^ 
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tual  action,  by  adding  to  the  cohesion  of  each*  .  But  bj 
previouttyeooling  diluted  su]^»huric  acid  and  snow,  an 
important  advantage  is  gained;  the  same  limit  is  not 
placed  to  their  mutual  action,  and  the  lower  the  tempera- 
ture is  reduced,  the  lower  will  the  temperature  be  that  re- 
sults from  that  action,  down  to  the  point  at  which  die  li- 
quid formed  by  the  action  of  the  acid  on  the  sUow  would 
congeal. 

Thk  famishes  us  therefore  with  the  general  rule,  that 
the  temperature  can  never  be  reduced  by  a  freezing  mix- 
ture beyond  that  point  at  which  the  liquid  combination 
resulting  from,  that  mixture  congeals  or  crystallizes,  and 
must  indeed  always  be  a  degree  or  two  above  it.  It  also, 
in  some  measure,  determines  the  proportions  in  which  the 
substances  should  be  mixed  together ;  those  being  beit,  in 
which  the  action  shall  be  most  rapid,  without  being  too 
energetic  to  evolve  heat  from  the  combinaticm,  and  in 
which  the  resulting  solution  is  of  that  strength,  that  ig 
least  liable  to  congeal  or  crystalliise. 

In  the  following  Table,  without  including  all  the  mix- 
tures that  have  been  employed,  I  have  inserted,  from  the 
experiments  of  Lowitz  and  Walker,  a  few,  which  are 
either  economical,  easily  managed,  or  capable  of  produc- 
ing very  intense  colds. 


U  CAiJOUC. 


JOB 


TABUS  OF  FKKEZIK4  l|IXTVBXB» 

Muriate  of  ammonia,  5  parts,. nitrate  of  potash  )  *-      ^^  /^  r^ 
5,  water  l6, .  j   ,       '^ 

ifuiPi^e  of  apMnonia,  5  parts,  nitrate  of  potash  ) 
5,  sulphate  of  soda  8,  water  l6,  y 

Sulphate  of  soda  8,  muriatic  acid  5, 

Sulphate  of  soda  5,  sulphuric  acid  diluted  with  7 
an  equal  weight  of  water  4  parts,  | 

Siriphale  of  soda  6,  muriaie  of  aouBMiia  4,} 
nitre  9^  diluted  nitric  acid  4,  ,  } 

Sulphate  of  soda  6,  nitrate  of  ampnoqaa  5,  dilu*  7 
ted  nitric  acid  4,  ) 

Muriate  of  soda  1,  snow  2  parts, 

tNitric  acid  diluted,  show 

Concentrated  sulphuric  acid,  snow, 

MuriiLte  of  soda  2,  muriate  of  ammonia  l,) 

Carbenate  of  potash,  snow, 

> 

Muriate  of  soda  10,  nitrate  of  potash  5,  snow  7 
24,  § 

Sidpharic  aci<{  diluted  with  one-half  its  weight  1 
of  water,  2  parts,  snow  3  parts,  } 

Concentrated  muriatic  acid  5,  snow  8, 

Concentrated  nitrous  acid  4,  snow  7f 

Muriate  of  lime  5,  snow  4, 

3, 2, 

5, 3, 

Potash  4,  snow  3, 

Muriate  of  lime  2,  snow  1, 

■  3,  snow  1, 

Sulphuric  acid  diluted  with  half  its  weight  wa-) 
ter  10,  snow  ^  3 

Vol.  I.  O 


50  to  4 
50  to  0 
50  to    S 

50  to^lO 

50  to-14 

• 

32  to  -5. 
32  to-lft 
32  to-.10| 

32  to-.19 

32  to*l7 

32  to^ia 

32  to-23 

32  to-2r 
32  to^O 

'  * 

32  tP-4a 
32  to-50 
32  tp-53 
32  tQ-5l 
0  ti)^ 

-•40  to-Z? 
"^-46  10)^ 
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SCALE  OF  TKMFEXATUREi 


These  observations  on  the  range  of  temperature^  natiPr 
ral  or  artificia])  may  be  concluded  with  a  Tadble^  ei^hibit* 
ing  the  principal  points  that  have  been  marked  in  the 
scale  of  heat. 


Wcdg*      Fabrab 


Extremity  ef  the   scale  of  Wedgwood's   ther- 
mometer -  -  -  -      •    240P 
Greatest  heat  of  an  air  furnace,  which  neither 


3^277* 


melted  nor  softened  Nankeen  porcelain 

160 

21877 

Chinese  porcelain  softened,  best  sort 

156 

21357 

Cast  iron  thoroughly  melted 

150 

20577 

Hessian  crucible  melted 

150 

20577 

Cast  iron  begins  to  melt 

130 

17977 

Greatest  heat  of  a  smith's  forge 

125 

17327 

Flint  glass  furnace  (strongest  heat) 

114. 

15897 

WeHing  heat  of  iron,  greatest 

95 

13427 

Welding  heat  of  iron,  least 

90 

12777 

Fine  gold  melts             ... 

32 

5237 

Settling  heat  of  flint  glass 

29 

4847 

Fine  silver  melts 

.      28 

4717 

Swedish  copper  melts 

27 

4587 

Brass  melts                 ... 

21 

3807 

Red-heat  fully  visible  in  day-light 

0 

1077 

Iron  red-hot  in  the  twilight 

-'' 

884 

Heat  of  a  common  fire                - 

. 

790 

Iron  bright  red  in  the  dark 

- 

'    752 

Zinc  melts              -^              ... 

■• 

.700 

'  Quicksilver  boils 

672 

Lowest  ignition  of  iron  in  the  dark 

m. 

635 

Lins^d  oil  boils 

. 

600 

SCALE  OF  TEMPERATURE.  21 1 

Fahren. 

Lead  melts                -                •                -            m  594,0 

Sulphuric  acid  boils              -                 -                 -  590 

Sulphur  bums                 -                   -                   -  —. 

Phosphorus  boils                  -                 -                  .  554 

Bismuth  melts            -                -              .             •  4^6 

Tin  melts              -              .                .                .  442 

Nitric  acid  boils                -               •  -                -^  1242 

Sulphur  melts            -              -                -             ->  226 . 

Water  boils  (the  barometer  being  at  30  inches)  212 

Alkohol  boils                -                -            ...  ij^4 

Phosphorus- melts            ....  iqO 

Ether  boils                -                -                -             -  98 

Heat  of  the  human  blood                  .                  .  93 

Medium  temperature  of  the  globe            -                -  50 

Ice  melts                -                -                -                -  32 

Strong  wines  freeze  at  about                 -                -  20 

A  mixture  of  alkohol  and  water,  equal  parts,  freezes  • '  — 7 

A  mixture  of  2  parts  of  alkohol  and  1  of  water  freezes  — 1 1 

Melting  point  of  quicksilver                -               -  —39  - 

Liquid  annmonia  crystallizes                •               •  -^2 

Nitric  acid,  spec.  gr.  about  1.42,  freezes              -  -^45 

Sulphuric  ether  congeals                -                  -  — 47 

Natural  temperature  observed  at  Hudson's  Bay        -  — 50 

Ammoniacal  gas  condenses  into  a  liquid              -  — 54 
Cold  produced  from  diluted  sulphuric  acid  and  snow,  the 

materials  being  at  the  temperature  of — 57          -  — 7Sh 

Greatest  artificial  cold  yet  measured  (Walker)         -  — 91 
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J  tfB  raateriallty  of  Lighl^  and  its  iMfwito^rf  cxbtenee^ 
tiiflkiieiitly  demonstf  ated.    Its  emissidii  fiM»n  bodies,  it^ 
motibn  er^i  to  l3ie  mort  dntant  regions  of  i^eee  ioAe- 
pendent  of  any  medimii,  the  dianges  whid^  may  be  pio^ 
duced  in  thi^  motion  by  reflection  and  inflection^  aad  tbe 
chemical  effects  it  produces,  are  proofs  of  this  matenal 
existence,  free  from  all  doubt*    We  cannot  easi]^,  how-t 
ever,  trace  the  combinations  oflight :  we  observe  onfy  its^ 
erolution  and  absorption,   and  the  effects  arising '  from. 
these,  without  being  able  to  discover  hew  far  if  influences 
tlie  constitutioa  of  bodies  in  which  it  exists,  or  to  wliat 
extent  it  is  liable  to  the  laws  of  •chemical  .aifctrACtion.    its^ 
chemical  history,  therefore,  falls  >to  be  'consid^'cd  tinder  a 
point-of  view  nearly  the  same  as  tiiat  omder  iviiiidh  caloric 
is  >2%garded.     And  with  that  power  it  nn^  justfy  be  wae-^ 
cioted  as  a  repulsive  eg<e»t,  the  pai^ticles  c^  ilight  iMOStg 
mutually  repellent,  and-oper«rting  perhaps  as  mttch  m  pro* 
ducing  chemical  change  by  the  repulsion  they  commmii- 
Ciite,  as  by  the  afihrities  they  exert. 

Ligbt  has  been  regarded  as  consisting  of  particles  of' 
extreme  minuteness,  projected  from  luminous  bodies,  and 
moving  in  right  lines  with  the  utmost  velocity.  It  has 
also  been  considered  as  a  continuous  fluid  of  perfect  elas-^ 
ticity  and  extreme  tenuity,  diffused  tlirough  space,   in 
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inngedf  had  its  direcdon  not  been  cfatfif;ed ;  tbe  Tidet  be-^ 
ing  the  most  refrangible,  and  fiJling  therefore  on  a  ipaoe 
most  distant  from  this ;  the  others  being  arranged  belwecu 
these ;  the  whole  farming  the  prismatic  qiectnim*  In  tim 
the  di$errat  ooloiired  rays  occupy  unequal  q>aces».«nd 
their  limits  are  not  perfectly  defined. 

Of  these  coloured  rays  somehave  been  siqpposed  prima* 
ly,  the  others  being  formed  by  their  intermixtare.  Eachy 
indeed,  suffers  no  diange  by  &rdier  refraction^  but  this  is 
not  to  be  expected  even  on  this  hypothesis,  since,  if  any 
of  them  is  composed  of  two  kinds  of  rays,  these  must  be 
of  the  same  refrangibility,  as  it  is  only  from  this  ooioei- 
dence  that  th^  could  have  remained  associated  after  the 
first  refi*action.  The  red,  yellow,  and -blue,  have  been 
supposed  primary^  as  they  give  rise  to  the  other  cokurs 
by  their  intermixture:  this  distinction  has  also  been. as- 
signed to  the  red,  green,  and  violet,  the  intermediate  co» 
lours  in  the  spectrum  being  formed  by  the  union  of  these 
two  and  two,  ^nd  white  light  being  obtained  by  combining 
the  three.  The  differences  in  the  properties  of  the  co- 
loured rays  have  been  supposed  by  some  to  depend  on 
the  different  magnitudes  of  their  particles,  by  oth«*s  on 
the  different  velocities  with  which  they  move,— suppositions 
which,  however  they  may  be  adapted  to  the  physical  rebr. 
tions  of  these  rays,  scarcely  explain  the  differences  in  their 
chemical  powers. 

Light  is  differently  affected  by  different  bodies.  -  It 
passes  through  some  with  little  interruption ;  by  others  it 
is  reflected;  some  reflect  one  ray  retaining  the  others, — an 
effect  giving  rise  to  the  colours  which  bodies  exhibit ; 
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4)iare  arey  lastty,  some  in  which  the  light  is  dbsorbedf  ajld 
is  lost  by  numerous  reflections  and  refractions. 

liight  forms,  too,  a  more  intimate  union  with  bodies,  -of 
^vhich  th^*e  appear  to  be  different  degrees!  By  som^ 
it  is  .'absorbed,  and  is  again  slowly  emitted  without  •any 
sensible  diange :  in  others  it  occasions  alterations  of  tensp 
pcgrature^  or  of  ocmiposition,  acting  as  an  important  tehe* 
aucal  power.  - 

The  property  which  has  been  named  Phosphorescence, 
appears  to  dq>end  on  ihe  first  of  these  kinds  of  combiha^ 
tion&  .  There  are  a  number  of  substances  which,  when 
exposed  to  light,  appear  luminous  when  removed  &om  it, 
and  continue  so  for  a  longer  or  shorter  time.  Tliese  are 
named  Solar  Phosphori,  and  the  lununoos  «ippearanGeJn 
then  appeals  to  arise  from  tlie  light  being  inilnbed,  and 
again  slowly  emitted. 

This  property  is  ««nspicuous  in  a  number  of  natural 
substances,  particularly  in  earthy  minerals,  as  the  gem% 
marble,  heavy  spar,  fiuor  spar,  and  others ;  and  abo  m 
bodies  belonging  to  the  vegetable  and  animal  kingdcmis, 
as  in  sugar,  paper,  the  shells  of  marine  animals,  &c«  So*, 
lar  phosphori  con  be  prepai'ed  by  ^utifioial  processes  still 
more  powerful.  The  Bolognian  pho^horus,  in  which 
.the  pifoperty  was  first  observed,  is  prepared  from  sulphate 
of  barytes  made  into  a  paste  with  mucilage,  and  calcined 
in  contact  with  ignited  charcoal.  Canton's  phosphorus, 
which  is  still  more  powerfiil^  is  formed  firom  calcined  oys- 
ter shells,  mixed  with  sulphur,  and  exposed  to  the  heat  of 
ignition'in  a  crucible  for  an  hour. 
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iaHtiiig  to'do  io^  wiuMMr  T9y  of  tbe  sf^MriHii  it  kas 
bien  ^arporfwd  to  >  or  cult  wUdk  tfmia^  exhibits  tbe  priik 
wiitiii4SPtottr»  ^liitn  rendered  kiBmoBs,  stiU  doing  so  wlie^ 
dter  it  hat  bem  tdbmilted  to  wjiite  Ught,  or  to  tbe  coloiuv 
6(1  light  d  may  individiud  ray.  These  filets  are  sii^ulary 
ndiiol  easily  «q>laiiMd  on  ai^  theovy  i  but  it  is  noft  im- 
possible llisi  one  flpeeies  c^  coloured  %ht  maybe  cf^Mdble 
of  being  oonvi^rted  kito  the  odiers, — a  supposition  which 
vmildy  in  smne  meascire,  reooneik  th^n  with  the  obvious 
dMory  of  pho^koreseence. 

'  Anodwr  species  of  phosi^rescenee  is  that  excited  by 
best,  ^  dependent  of  any  previous  exposure  to  hgfat^  and 
iHflSpaUe  of  being  renewed*  It  is  exhibited  pariieulai4y 
fay  Asor  qMVf  by  several  of  the  gems,  and  by  a  number  of 
eartl^F  fiMurils,  the  lumimms  af^pearonoe  being  more  or  less 
?Md  wlien  heBt  k  i^jdied.  The  light  emitted  is  (^en  co« 
hwred ^  that  from  fluor  q>ar  is  purple;  in  scmie  the  lumi-> 
nous  appearance  is  momentary,  in  others  it  continues' 
longer  $  it  is  equally,  with  the  former,  independent  of  xmy 
aetion  of  the  aiTr 

Phosphorescence,  apparently  i^milar  to  this,  is  ^Lcited 
by  attrition }  two  pieces  of  quartz,  for  example,  appearing 
hpninons  in  tbe  darit  when  rubbed  against  eadi  other, 
and  other  fossils  shining  even  from  very  slight  friction.' 
SWim  some  the  Bgfat  is  colourless,  frtyra  others  coloured : 
its  production  is  independent  of  any  action  of  the  air,  ng 
it  is  equally  bright  under  water ;  it  is  not  accompanied 
ivith  any  signs  of,  electrical  excitation.  The  attrition 
might  be  su{qK)sed  to  excite  the  %ht  by  the  heat  'it  mvf 
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produce;  but  the  very  sli^tfricdon  that  .is- often  Mifficieuft 
to  produce  tht  luminous  appearance,  that,  for  exampley 
by  rubbing  a  feather  on  the  surfiM^  is  un&Tourable  to 
this  opinion  i  there  are  fiissils,  too^  rendered  phoephore»- 
cent  by  friction  and  not  by  heat,  and  vice  vena  s '  and  in 
those  which  are  phosphorescent  from  both  causes,  -if  the 
huoinous  appearance,  has  been  exdtad  by  heat  until  it 
cease  to  appear,  it  may  be  produced  anew  by  attrition. 

A  kind  of  phosphorescence,  different  from  any  of  the 
preceding  varieties,  is  that  exhibited  by  animal  nuitter. 
Marine  animals  are  remarkable  for  this  property  ;  almost 
all  the  qpecies  of  sea  fish  becoming  luminous  after. they 
have  been  removed  for  some  time  from  the  water,  and; 
continuing  to  shine  for  some  days.  The  same  appearance 
has  been  occasionally  obs^*ved  from  tlie  flesh  of  (joadru* 
peds.  It  does  not  appear  until  the  animal  has  be^i  for 
some  time  deprived  of  life,  but  it  is  always  apparent  be- 
fore there  are  any  signs  of  putre&ction,  and  it  eeai^ 
when  that  process  is  fully  established. 

The  most  important  fact  with  regard  to  this  q)ecies  of 
phosphorescence  is,  that  the  matter  having  the  luminous 
quality  can  be  extracted  in  a  state  of  solution.  If  the 
substance  of  any  marine  animal  in  the  phosphorescent 
state  be  macerated  in  a  saline  solution,  as  that  of  sea-adt^ 
or  indeed  any  other  neutral  salt  of  a  certain  strength,  a 
lucid  ring  soon  appears  at  the  sur&ce  of  the  liquid,  and  the 
whole  becomes  luminous  when  agitated ;  this  continues  for 
several  days,  becoming  gradually  more  &int  until  it  is  ex- 
tinguished. Fresh  water  is  incapable  of  extracting  this 
luminous  matter ;  the  luminous  i^pearance  in  ^t  wat^ 


222  OF  LIGHT* 

Admitting  the  accuracy  of  these  experiments,  it  is  esta* 
blished,  that  in  the  solar  rays,  there  are  invisible  calorilSc 
rays,  as  well  as  visible  rays,  of  light.  Now  this  being  pro- 
v^,  the  hypothesis,  it  is  evident;  may  be  proposed  as 
not  improbable,  that  the  apparent  heating  power  of  the 
visible  rays  of  light  is  not  a  prc^rty  belonging  to  £bem\ 
but  depends  on  the  presence  of  calorific  rays  associated 
with  them.  The  entire  beam  of  visible  light  is  not  homo- 
geneous, but  consists  of  rays,  which,  being  of  unequal  re-' 
£rangibility,  are  capable  of  being  separated,  forming,  when 
thus  re&acted,  the  visible  or  coloured  spectrum. '  But  the* 
calorific  matter  in  the  solar  beam,  it  is  equally  probable 
i  priori^  may  not  be  homogeneous,  but  like  light  may  con- 
sist of  rays  of  difierent  refirangibility.  If  so,  these  rays 
will  also  be  separated  by  the  prism,  and  an  invisible  calo- 
rific spectrum  be  formed,  the  rays  composing  which  may 
difier  in  heating,  as  the  rays  of  light  differ  in  illuminating 
pow^r.  If  this  happen,  the  one  spectrum  will  be  in  some 
measure  blended  with  the  other,  and  thus  the  visible  rays 
of  light  will  appear  to  have  difierent  degrees  of  heating 
pbwer,  though  in  themselves  they  may  have  no  power 
whatever  to  produce  heat. 

Herschel  endeavoured  to  establish  this  conclusion,  by 
experiments  resting  on  the  following  assumption :  Taking 
the  illuminating  power  as  the  property  characteristic  rf'vi-' . 
siWe  light,  if  the  heating  power  of  any  ray  be  a  property ' 
belonging  to  it,  and  not  depending  on  any  calorific  ray 
associated  with  it,  it  seems  obvious,  that  when  the  colour- 
ed ray  is  transmitted  through  a  certain  medium,  as,  for 
4ikample,  through  gla$s>  its  iUuipinating  aod  beating  pdwers 
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k  Continofid ;.  while  tliis  does  not  b^ipen  widi  reguA  ^ 
lig^t :  and  the  ^ect  of  roii|^  soifiioes  in  tfattfrii^  the 
jnjB  of  l^ht  beiQg  mudi  greater  than  k  in  on  the  ngri  af 
heat. 

The  ^encjr  of  hf^t  in  {Hrodiiciiig  chcmieal 
tioii  still  remains  to  be  rtated.   This  may » in  a  great 
,  «ire,  he  generalised  i  afl  the  dia^ges  of  this  nature  pec^ 
doced  b^  its  action  mmg  firom  the  separation  of  the  {htiih 
dpiey  osgrg^if  fit>m  states  of  oomlMnation^    And  aa  this 
element  enters  into  the  ccmstitnticm  of  an  extensive  seriea 
x>f  compounds^  a  numbw  of  substances  are  dianged.  by 
light  exerting  its  de-oxidatio^  power.     Thus,  several  of 
the  adds  are  deoon^Kised*    If  nitric  add,  which  is  ookniv 
less,  be  exposed  to  the  rays  of  the  sunt  it  baoomfls  of  a 
yellow  colour^  and  oxygen  is  disengaged  firom  it     Oxf^ 
muriatic  add»  under  a  similar  exposure^  M&ewise  ykSdfi 
<^yg^^  either  the  oxygen  peculiar  to  it^  or  derived  Ccom 
the  water.    A  number  of  compounds  of  metals  with  aaq^ 
gen,  either  alone,  or  in  combination  with  adds  fenmflig 
metallic  salts,  undergo  a  similar  decomposition :  in  some 
of  them  this  is^partialj  in  others  of  them,  as  in  the  saitsof 
gold  or  silver,  it  is  complete,  so  that  the  metal  reikoms  tip 
its  metaSic  form.    Some  of  these  compounds  aneextremo- 
iy  sensible  to  the  chemical  agency  of  li^ :  muriate  of  ail- 
ver,  for  example,  is  darkened  in  its  colour  by  this  mens 
light  of  day,  without  direct  j^Kposure  to  the  rays  «f  &e 
sun.    Tlie  changes  of  mj^aUlc  pigments  frcfm  exposmts^ 
appear  in  general  to  arise  from  this  action  of  light. 

llie  process  of  bleaching,  too,  appears  to  depend  chief- 
Iff  iGB  the  (jbemical  power  of  i^ht^  the  colaunng  .matter  .dT 
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the  sun's  ray^  in  a  phial  pidnted  tiiack,  not  undergoing  the 
usual  change  it  does  from  their  action,  though  its  tempe^ 
rature  must  have  been  more  elevated  than  if  it  had  been 
ecqx>sed  in  a  clear  phiaL  BerthoUet  also  founds  that  the 
oxymuriatic  acid,  exposed  to  the  light  in  a  pliial  covered 
with  black  paper,  did  not  suffer  its  usual  change,  though  it 
must  have  been  at  least  equaUy  heated.  But  these  cxpe^ 
riitients  are  not  perfectly  conclusive ;  for  we  cannot  esti- 
mate  correctly  the  heat  produced  by  the  solar  rays  from 
the  elevation  of  temperature  in  the  entire  mass  of  matter 
exposed  to  them,  as  this  may  be  moderate,  while  it  may 
be  intense  in  the  minute  points  on  which  the  rays  im- 
pinge, and  at  tliese  points  it  may,  from  its  intensity,  give 
rise  to  the  decompositions  which  are  produced.  Hie  hy- 
pothesis, however,  that  light  acts  in  producing  these  de* 
compositions  by  the  heat  it  excites,  is  refuted  by  tiie  fkct 
to  be  immediately  stated,  that  those  rays  most  powerful  in 
exciting  heat,  are  least  powerful  in  giving  rise  to  chemical 
changes. 

The  comparative  powers  of  the  different  coloured  rays 
in  producing  chemical  decomposition,  were  submitted  to 
experiment  by  the  illustrious  Scheele,  muriate  of  silver,  the 
substance  which  is  so  rapidly  affected  by  light,  being  &Sr 
posed  to  their  action  ',  it  became  sooner  black,  he  obser- 
ved, in  the  violet  ray  than  in  any  of  the  others.  Senne- 
bier  ascertained  the  dififerenoes  more  minutely.  The  shade 
produced  in  the  muriate  of  silver  by  exposure  to  the  vio- 
let ray  for  15  seconds,  required  for  its  production,  ex- 
posure to  the  indigo  ray  23  seconds;  to  the  blue  29 j 
the  green  37  ;  the  yellow  5^  minutes ;  the  orange  12  mi- 
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Butes ;  and  the  red  not  less  than  20  minutes.  The  blue 
ray  too  is  superior  to  the  others  in  exciting  phosphores- 
cence. 

Tbe  discovery  of  the  existence  of  invisible  calorific  rays 
in  the  solar  beam  might  suggest  the  conclusion,  that 
there  may  also  exist  in  it  invisible  chemical  raiys,  to  which 
the  chemical  powers  of  these  visible  rays  is  to  be  ascrib- 
ed. Ritter  submitted  this  conjecture  to  experiment.  Plar 
cmg  muriate  of  sUver  without  the  coloured  spectrum  be- 
yond the  violet  ray,  it  was  blackened ;  while,  on  placing 
it  beyond  the  red  ray  at  the  other  extremity,  it  not  only  did 
Qot  suffer  this  change,  but  if  previously  blackened  became 
white.  Phosphorus  was  kindled  in  the  space  beyond  the 
red  ray,  but  was  extinguished  when  transferred  to  that 
beyond  the  violet.  In  the  violet  ray  itself  the  muriate  of 
silver  received  a  less  deep  shade  than  in  the  space  beyond 
it  Dr  Wollaston  had  nearly  about  the  same  time  made 
similar  experiments,  and  with  the  same  results,  except  that 
when  the  muriate  of  silver  hid  been  blackened,  however 
slightly,  it  did  not  recover  its  whiteness  from  exposure  to 
the  red  rays. 

From  these  experiments,  then,  the  existence  in  the  so- 
kgr  beam  of  invisible  rays  not  calorific,  but  distinguished 
by  their  chemical  action,  and  more  refrangible  than  the 
visible  rays  of  light,  is  demonstrated.  Reasoning  by  ana- 
log, from  the  law  which  has  been  proved  to  exist  with  re- 
gard to  die  calorific  rays,  it  might  be  concluded,  that  the 
matter  composing  what,  for  distinction,  may  be  named 
the  Chemical  Rays,  is  not  homogeneous,  but  consists  of 
rays  of  diiSerent  refrangibilities ;  that  from  this  difference 
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ihtf  tae  flpread  to  a  certain  ext^t  over  the  q)aee  ooes- 
pied  by  the  prismatic  8pectnim>  and  thai,  as  the  calorific 
effect  of  the  visible  rays  does  not  belong  to  them,  but  to 
'fays  of  caloric  intermixed  with  them,  so  the  chemical 
|iowers  of  these  rays  may  Hot  arise,  strictly  speaking,  from 
the  action  of  light,  but  from  the  action  of  chemical  niy» 
Mended  irith  the  others.  It  has  accordingly  been  affirm- 
ed, that  Ritter,  by  transmitting  the  coloured  rays  through 
different  prisms,  has  separated  them  from  the  chemical 
rays,  and  thus  produced  a  coloured  spectrum  without  any 
chemical  power.  Another  interesting  experiment  per- 
formed by  him,  is  that  of  combining  the  two  species  of  in-, 
visible  rayi^.  Hie  power  of  the  chemical  rays  teppesttdto 
predominate  in  the  mixture,  and  the  experiment  is  an  im- 
portant one,  as  proving,  that  from  the  union  of  these  inri- 
sible  rays  no  species  of  visible  light  is  produced. 

From  the  relation  which  subsists  between  light  and  c8f 
loric,  it  has  sometimes  been  supposed  that  they  are  ulti- 
mately the  same,  or  are  modifications  of  one  matter,  light 
being  this  matter  in  a  state  of  rapid  projectile  motion,  and 
acting  as  caloric  when  it  becomes  quiescent.  llioHgh  it 
may  be  difficult  to  explain  fully  the  nature  of  that  rda^ 
tion,  there  seems  to  be  little  reason  for  admitting  this  hy- 
pothesis. The  essential  properties  of  light,  and  particu- 
larly its  chemical  agencies,  are  very  different  from  these  of 
caloric,— -differences  which  the  hypothesis  does  not  expfcin  > 
more  especially  taking  into  consideration  the  important 
fact,  that  these  chemical  agencies  are  exerted  most  power* 
fully  by  those  rays  of  light  which  are  least  powerful  in  pr«>' 
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ducing  heat.  And,  on  the  other  hand,  there  is  no  proof 
of  the  assumption,  that  calorici  in  any  state  of  motioni  can 
assume  the  properties  of  light. 


CHAP.  III. 


OF  ELECTRTCITY  AND  GALVANISM. 

The  agent  on  which  the  phenomena  of  electricity  de- 
pend, operates  as  a  chemical  power.  There  is  every  rea« 
son  too  to  conclude,  that  the  galvanic  principle  is  merely 
electricity  under  a  peculiar  form,  and  in  this  &nn  its  die* 
mical  action  is  stiQ  more  powerful,  and  indeed  nearly  un«» 
limited.  The  operation  of  this  principle  cannot  be  ascri- 
bed to  affinities  which  it  exerts,  considering  it  as  a  mate^^ 
rial  agent ;  but  rather  to  its  action  as  a  general  force  oom* 
municating  repulsion  or  modifjdng  attraction.  It  is  there- 
fore properly  classed  with  light  aiid  caloric,  and  with  these 
it  has,  besides,  very  intimate  relations,  being  capable,  under 
peculiar  arrangements,  of  producing  the  utmost  intensity, 
both  of  heat  and  illumination. 

Though  electricity  and  galvanism  are  modifications  of 
the  same  power,  yet,  as  their  mode  of  excitation  is  differ- 
ent, and  the  chemical  effect  obtained  from  eaph  are  pe* 
culiar,  they  require  to  be  considered  apart. 
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Sect.  h^-^Cff  Electricity. 

Certain  bodies  submitted  to  friction  exhibit  the  phe- 
nomena denominated  ElectricaL  A  dry  glass  rod,  for 
example,  rubbed  with  a  piece  of  silk,  will  give  sparks  of 
h'ght  from  its  surface,  and  will  attract  light  bodies  and 
again  repel  them.  These  effects,  however,  are  not  obtain- 
ed from  the  friction  of  every  substance  j  a  metallic  rod, 
for  example,  does  not  exhibit  them.  Hence  the  distinc- 
tion of  bodies  into  electric,  or  those  capable  of  being  ex- 
cited by  friction,  and  non-electric,  or  those  which  are  in- 
capable of  this  electrical  excitation. 

If,  when  an  electric  has  been  excited,  a  non-electric  be 
applied  to  it,  the  signs  of  electricity  in  the  former  instant- 
ly cease,  while  this  does  not  happen  from  the  application 
of  a  non-electric  of  a  different  kind.  Hence  the  origin  of 
another  distinction,  that  of  Conductors,  and  Non-conduc- 
tors of  Electricity ;  the  former  affording  a  passage  to  the 
electrical  principle,  and  carrying  it  off  where  it  has  been  ac- 
cumulated, the  latter  being  impervious  to  it.  Electrics  are 
non-conductors  j  non-electrics  are  conductors  5  glass  resi- 
nous substances,  oils,  and  sulphur,  are  the  principal  sub- 
stances belonging  to  the  first  class  ;  metals,  water,  and  a 
number  of  earthy  bodies  belong  to  the  other. 

If  an  electric,  while  excited,  be  supported  on  a  non- 
conductor, the  electricity  it  gives  out  is  limited.  But  if  a 
communication  be  established  with  the  earth  by  the  me- 
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dium  of  a  conductor,  this  conveys  electricity  as  long  as  the 
exciting  cause  is  applied.  If  a  conductor  insulated,  that 
is  placed  on  a  non-conductor,  be  brought  nearly  in  con- 
tact with  the  excited  electric,  it  receives  the  dectricity  evol-. 
ved,  and  retains  it  in  an  accumulated  state.  On  these 
principles  the  electrical  apparatus  is  constructed;  this  con- 
sisting, of  a  glass  plate  or  cylinder  which  revolves  against 
a  cushion  suppoited  oh  a  glass  pillar,  but  connected  with 
the  earth  by  a  metallic  chain  ^  and  a  large  metallic  tube^ 
xmmed  the  Prime  Conductor,  being  placed  insulated  be- 
fore  the  plate  or  cylinder,  to  receive  from  it  the  electricity 
evolved  by  the  friction. 

With  regard  to  the  excitation  of  electricity,  a  very  im- 
portant distinction  still  remains  to  be  stated,  that  of  what 
has  been  named  Positive  and  Negative  Electricity.  If  a 
glass  rod  be  rubbed  with  an  ^('oollen  doth,  on  approach?  ' 
ing  to  it  a  light  body,  as  a  bit  of  cork,  the  cork  is  first  at- 
tracted, aiid  then  rq)eDed  \  but  if  a  rod  of  sulphur  be 
excited  by  friction  with  the  doth,  the  cork  in  the  state 
in  which  it  is  repelled  by  the  glass  is  attracted  by  the  sulf> 
phur,  and  it  is  repelled  by  the  sulphur  when  in  that  state 
in  which  it  is  attracted  by  the  glass.  If  a  pointed  conduct- 
tor,  ps  a  needle,  be  presented  to  the  glass,  a  round  luci4 
point  appears  on  its  extremity  in  the  dark  ^  but  if  present- 
ed to  the  sulphur,  a  pencil  of  rays  seem  to  issue  from  the 
needle.  And  if  two  bodies  in  these  different  electrical 
states  be  brought  into  contact,  the  electridty  in  the  one  ap- 
pears to  destroy  that  in  the  other,  and  the  dectrical  phe- 
nomena cease.  These  two  dectridties  being  first  obtain- 
ed, the  one  from  glass,  the  other  from  resinous  bodies,  by 


2S2  OF  ELECTRICiry. 

friction,  were  nahied  the  Vitreous  and  the  Resinous,  and 
were  regarded  as  essentially  different. 

It  was  discovered,  however^  that  when  two  dectrics  nrt 
rubbed  against  each  other,  the  one  acquires  always  the 
one  electricity,  the  other  the  odier.     Thus,  in  the  com- 
mon  electrical  machine,  when  the  cushion  is  insulated,  on 
friction  being  made  it  exhibits  the  resinous,  while  the 
glass  gives  the  vitreous  dectricity.     And,  by  employing 
different  substances  to  excite  friction,  or  ^by  altering  the 
surface,  the  same  electric  may  be  made  to  exhiUt,  either 
electricity,  glass  the  resinous,  and  sulphur  or  sealing-wax 
th<3  vitreous.     Franklin,  from  these  facts,  was  led  to  ex* 
|dain  the  phencxmena  on  a  more  simple  hypothesis,— *&at 
there  exists  only  one  agent  by  which  they  are  produced, 
a  fluid  highly  elastic,  or  repulsive  of  its  own  particles,  but 
attracting  and  attracted  by  the  particles  of  other  matter ; 
— «^hat  in  all  bodies  a  portion  of  this  princijde  n  present, 
and  when  present,  in  the  proportion  natural  to  each,  they 
exhibit  no  electrical  phenomena ;  but,  if  subjected  to  oer* 
tain  c^erations^  as  friction,  the  equilibrium  is  disturbed, 
and  the  body  acquires  more,  or  has  less,  than  its  natural 
proportion.     In  the  former  case  it  is  said  to  be  electrified 
pluSf  and  presents  the  phenomena  ascribed  to  what  was 
•called  vitreous  electricity:  in  the  latter  it  is  said  to  be 
electrified  minuSf  ^vhich  corresponds  with  the  stat€  of  resi- 
nous electricity ;    and  hence,  instead  of  these  terms,  the 
phrases  Positive  and  Negative  electricity  are  employed  in 
the  Franklinian  theory.      This  hypothesis  accorded  with 
the  phenomena  of  electricity,  and  in  particular  gave  a 
happy  explanation  of  the  discharge  of  the  Lej^den  phial. 
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while»  if  trannnitted  tibroagh  a  wire  of  the  same  metal  of 
less  difimeter,  an  intense  heat  is  excited. 

The  Visibilities  of  different  bodies,  of  the  difierent  me- 
tab  to/r  examphf  estimated  from  the  action  of  electricity 
on  them,  are  different  from  their  fusibilities,  estimated  from 
the  direct  commnnication  of  caloric,  no  doubt  from  the 
heat  excited  by  electricity,  being  dependent  not  merely 
on  the  quantity  communicated^  but  on  this  modifjed  by 
their  relative  conducting  powers,  and  perhi^  on  thdr 
elasticities,  in  oonsequence  of  which  vibrations  are  more 
or  less  easily  established  among  their  particles. 

Electrid^,  from  its  power  of  exciting  heat,  is  applied 
to  fiivour  chemical  combination :  it  affords  the  most  con- 
venient mode  of  promoting,  by  heat  the  combination  of 
dastic  Jfluids.  The  apparatus  employed  is  a  strong  glass 
tube,  PL  IIL  Fig.  22.  dosed  at  one  end,  the  sides  of 
which,  at  about  the  distance  of  two  inches  from  this  ex- 
tremity, are  perforated  with  small  holes,  in  which  are  fixed 
by  cement  two  metallic  wires,  the  extremities  of  which 
within  the  tube  are  distant  one-fourth  of  an  inch.  This 
instrument  being  filled  with  water  or  qyicksilvcr,  and  in- 
verted, the  gases  intended  to  be  combined,  mixed  in  the 
due  proportion,  are  introduced,  so  as  to  depress  the  fiuid 
an  inch  or  more  beneath  the  wires.  The  electric  spark  is 
made  to  pass  from  the  one  wire  to  the  other,  by  connect* 
ing  one  of  them  with  the  conductor  of  the  common  elec- 
trical machine,  and  hanging  a  chaii;i  pn  the  other.  Or  it 
may  be  made  to  pass  from  a  wire  inserted  in  the  top  of 
the  tube,  to  the  fluid  confining  the  air  beneath,  as  repre- 
sented Fig.  23,    III  the  mature  of  some  gases,  a  siiigle 
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qmrk  is  sufficient  to  cause  the^  combinatioa  to  proved 
through  the  whole  mixture,  the  temperature  being  raised 
by  it  sufficiently.  In  other  cases,  a  stream  of  sparks  ro-» 
quires  to  be  transmitted  to  produce  the  combination  to 
any  perc^tible  extent 

By  the  same  agency,  electricity  is  able  to  effect  chemL- 
cal  decomposition.  If  the  spark  is  t9ken  in  a  compound 
ga^,  it  s^>arates  its  constituent  parts ;  if  an  interrupted 
electrical  discharge  be  sent  through  water,  it  is  attended 
with  the  disengagement  of  a  small  quantity  of  elastic  fluid, 
which  is  a  mixture  of  the  two  gases  which  form  water. 
Some  solids  are  decomposed  in  a  similar  manner. 

The  electric  fluid  is  intimately  connected  with  light,  and 
to  this  some  of  its  chemical  effects  may  probably  be  attri- 
buted. When  it  passes  through  the  air  from  one  conduc- 
tor  to  another,  it  exhibits  a  luminous  spark ;  when  dis- 
charged through  a  vacuum  the  most  perfect  the  air-pump 
can  produce,  it  presents  vivid  corruscations  :  these  i^pear 
even,  though  more  faintly,  m  the  Torricellian,  vacuum. 
In  transmission  through  any  fluid,  if  the  quantity  be  not 
large  proportioned  to  the  discharge,  it  is  rendered  lumi-- 
nous ;  or  if  discharged  over  the  surface  of  a  solid,  a  bril- 
liant illumination  is  produced.  This  electrical  light  is  he- 
terogeneous, or  consists  of  the  diflerent  refrangible  rays. 
Priestley  observed  these  by  a  prism  j  and  Morgan  has  re- 
marked that  the  electric  light  may  be  made  to  assume 
different  colours  according  to  the  medium  in  which  it  is 
taken  j  sometimes  the  more  refrangible  rays  being  sepa- 
rated, sometimes  the  less. 
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The  chemical  agencies  of  electricity  are  as  yet  but  im- 
perfectly devdbpedy  and  there  are  a  aumber  of  &cls 
which  prove  it  to  be  absorbed  or  evolved  in  cbemic^ 
changes  where  its  influence  has  scarcely  been  traced. 
The  electrical  phenomena  exhibited  by  the  tourmalin  sh^w 
£hat  electricity  is  excited^  and  its  different  states  produced, 
in  some  cases  merely  by  variations  pf  temperature.  Evea 
its  excitation  in  the  electrical  machine  is  promoted  by  che- 
mical action,  as  on  this  appears,  in  a  considerable  mea- 
stnre,  to  dqpend  the  effect  of  the  amalgam  implied  to  the 
rubber,  the  power  of  which  is  greater  when  it  is  composed 
of  oxidaUe  metals  than  of  those  not  so  susceptible  of  oxi- 
dation^ The  experiments  of  Wilcke  and  ^pinus  shew 
that  in  fusion  and  cosgelatiofi  the  different  electricities 
are  excited,  and  the  states  of  plus  and  minus  produced  in 
the  body  which  has  suffered  the  diange  of  form,  and  the 
matter  with  which  it  has  been  in  contact  during  the 
change :  this  happens  too  in  the  formation  and  condensa- 
tion of  vapour,  and  Volta  traced  it  in  different  cases  of 
chemical  action.  The  observation  of  such  &cts  becomes 
more  important  since  the  connection  of  electricity  with 
galvanic  phenomena  has  been  established,  and  that  con- 
nection itself  more  clearly  demonstrates  the  importance  of 
electricity  as  a  chemicid  power* 
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Sect.  II. — Of  Galvanism. 

GalVakisM)  there  is  every  reason  to  believe,  is  the  same 
principle  as  electricity.    Its  efiects,  however,  its  mode  of 
production,  and  the  laws  which  it  observes  in  its  action, 
are  so  £ur  dissimilar,  that  it  is  proper  to  consider  it  under 
a  separate  section.     Our  knowledge  of  this  agent  is  of 
recent  date.     Galvani,  an  Italian  physiologist,  observed 
the  first  striking  phenomenon  which  led  to  the  discovery 
of  the  principle  which  has  from  hiih  derived  its  name. 
He  observed  it  only  in  its  power  of  affecting  the  animal 
system,  and  it  is  to  Volta  that  we  are  principally  indebt*> 
cd  for  the  just  theory  of  its  production,  and  the  develop^ 
ment  of  its  chemical  powers.    It  had  been  discovered  by 
Galvani,  that  contractions  are  excited  in  the  irritable 
parts  of  animals,  when  a  communication  is  established  by 
a  metallic  arc  between  the  nerve  and  the  muscular  fibre ; 
and  he  concluded,  that  this  is  owing  to  the  communicaF 
tion  of  electricity  generated  by  the  animal  system.     Volta 
supposed,  that  the  electricity  producing  the  contraction, 
and  producing  likewise  sensations  in  sentient  organs,  is 
produced  not  from  the  living  system,  but  by  the  action 
exerted  between  the  metal  and  the  humid  animal  fibre,-*a 
conclusion  which  he  soon  demonstrated,  by  the  discovery 
that  it  is  evolved  by  arrangements  wholly  unconnected 
with  any  process  of  vitality.     This  discovery  also  gave  a 
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method  of  aagmenting  the  galvanic  energy,  enabled  us  ta' 
Investigate  its  effects  with  more  precision,  and  led  to  the 
discovery  of  its  chemical  agency. 

The  Voltaic  arrangement  consists  of  a  series  of  metallic 
plates  arranged  in  a  determinate  order,  with  the  interpo- 
sition of  certain  humid  conductors  of  electricity.  The 
pile»  which  Voka  principally  employed,  is  constructed  by  ' 
commendng  with  a  plate  of  silveror  copper  :  on  this  is 
placed  a  pkte  of  another  metalj  as  zinc,  and  on  this  a  ^ 
piece  of  card  moistened  with  a  saline  solution :  Uiis  series 
of  copper,  zinc^  and  moistened  card,  is  repeated,  preserving 
alwyas  the  same  order,  and  whei;i  SO  or  50  piepes^of  each 
have  been  accumulated,  terminating  with  a  plate  of  zinc  - 
at  the  top,  as  represented  Fig.  27.  PL  III.  Between  each 
pair  of  plates  a  certain  quantity  of  electricity  is  gene* 
rated ;  in  the  whole  arrangement,  we  have  tlie  accumu- 
lated actions  and  tlie  eflects  are  proportionally  great. 
The  extremities  of  the  series  are  in  different  electrical 
states,  that  commencing  with  the  copper  being  negative, 
that  with  the  zinc  positive.  Another  arrangement  similar 
in  principle,  employed  by  Volta,  is  that  which  he  named 
Couronne  de  TasseSf  represented  Fig.  26.,  consisting  of  a 
series  of  cups,  in  each  of  which  are  placed  a  plate  of  zinc, 
and  a  plate  of  silver  or  copper,  surrounded  with  a  solution 
of  salt ;  the  plate  of  silver  in  the  one  cup  being  connected 
with  that  of  zinc  in  the  other,  and  the  same  order  being 
preserved  as  in  the  construction  of  the  pile. 

An  apparatus,  still  the  same  in  principle,  was  invented 
by  Mr  Cruickshank,  the  Galvanic  Trough  as  it  is  named, 
which,  being  possessed  of  every  advantage,  is  now  always 
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used.  It  consists^  Fig.  28.  Plate  IIL  of  a  hoiBow  boK  or 
trougli,  of  hard  wood,  in  the  sides  of  wiiidi  are  cut 
groores,  at  the  distance  from  each  other  of  from  ^  to  ^  of 
on  inch,  according  to  the  width  of  the  box.  Plates  of  two 
metalsy  generally  of  copper  and  zinc,  from  S  to  6  or  8 
inches  square^  are  soldered  together,  and  this  soldered  or 
double  plate  is  inserted  in  the  first  groove  of  the  box,  and 
fixed  in  it  by  a  cemait  of  resin  and  wax,  so  woD  ^[^ed 
that  no  liquid  can  pass  through.  This  is  repeated,  fixing 
a  double  plate  in  each  groove,  and  taking  csae  that  the 
order  in  which  they  are  inserted  shall  not  be  reversed,  but 
that  the  copper  side  shall  alwajrs  be  towards  one  hand,  the 
zinc  to  the  other.  The  cells  or  cavities  between  the 
grooves  are  designed  to  contain  the  fluid  by  which  the 
gabranism  is  excited,  or  serve  the  same  purpose  as  thr 
moistened  cards  in  the  pile  of  Volta. 

The  metals  used  are  generally  zinc  and  cqpper,  and 
these,  on  the  whole,  answer  best.  The  number  of  platei^ 
and  their  surfisice  is  regulated  by  the  purpose  to  which 
the  trough  is  to  be  q^plied.  Different  liquids  are  em- 
ployed to  fill  the  cavities  of  the  trough,,  and  differ  much  ifii 
power*  With  water  the  effect  is  inconsiderable ;  with  a 
solution  of  muriate  of  soda,  or  muriate  of  ammonia,  it 
IS  greater ;  it  is  still  more  so,  though  it  ceiues  sooner, 
with  muriatic  or  nitric  acid,  largely  diluted,  and,  for  dif- 
ferent purposes,  liquids  of  peculiar  composition  and 
4rtrength  are  best  adapted,  as  is  immediatdy  to  be  stated. 

An  improvement  has  been  made  in  constructing  the 
trough.  Instead  of  soldering  the  plates  together,  they  are 
kept  detached,  and  are  connected  only  at  tibe  upper  edge 
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by  a  metallic  arc  ^  the  celk  of  the  trough  ara  fimned  hy. 
partitions  of  ^ss,  or  the  entire  trough  with  its  partitioBS  is 
mode  of  earthen  ware*  The  plates  of  copper  and  zmc4ure 
introduced^  so  that  the  one  shall  be  On  one  side  of  the  par^ 
tition,  the  other  on  the  other,  the  connecting  arc  passing 
over  it,  and  a  {date  of  each  metal  being  thus  plaeed«in 
each  ceD.  This  arrangement  has  the  advantage,  that  both 
iur&ces  of  each  plate  being  acted  on,  a  greater  powier  is 
obtained,  while,  in  the  former  method  with  the  soldered 
plates,  one  side  of  each  was  lost 

Though  arrangements,  such  as  have  now  been  de- 
wribed,  are  most  powerful,  there  are  others  productive  of 
galvanism  to  a  certain  extent.  The  action  between  a 
tingle  metal  and  a  liquid  gives  signs  of  it,  extremely  feeble, 
and  displayed  therefore  only  in  the  most  delicate  test  of 
this  power, — ^the  contractions  it  produces  in  living  irri- 
table parts,  but  no  accumulating  series  of  this  kind  can  be 
formed.  If,  however,  the  metal  be  acted  on  at  its  appo^ 
site  sides  by  two  different  fluids,  a  galvanic  arrang^nent  ii 
formed,  the  power  of  which  increases  by  repetition.  Even 
charcoal,  in  cpntoct  with  one  of  its  surfaces  with  one 
liquid,  and  at  another  with  a  different  liquid,  forms  a 
weak  galvanic  power;  and  one,  stiU  weaker,  is  formed 
from  the  contact  of  different  kinds  of  animal  matter.  Me- 
tallic matter,  therefore,  is  not  essential  to  its  production. 

The  properties  of  galvanism  remain  to  be  stated.    It 
passes  through  those  substances  which  conduct  electricity, 
though  with  less  facility.     Metals  conduct  it  rapidly,  but 
there  are  other  substances  wliich  admit  of  the  passage  of 
electricity,  which  at  least  partially  insulate  galvanism ;  such 
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jft  waler^  or  dry  animal  membrane.     Glass  is  a  perfect 
iioiMX>nductor» 

Its  edicts  on  living  animal  matter  are  mnilar  to  those 
of  electricity.  It  excites  contractions  in  irritable  parts, 
and  sensations  in  sentient  organs,  more  or  less  consider- 
able,  according  to  its  intensity. 

In  its  transition  from  one  conductor  to  another,  espe- 
cially whoi  the  conductor  is  an  imperfect  one,  it  produces 
intense  light,  as,  for  example,  in  bringing  into  contact  the 
wires  from  each  extremity  of  the  battery,  or  pieces  of 
charcoal  or  plumbago  in  communication  with  each  wire. 
This  light  appears  to  be  the  result  of  the  accumulation  of 
the  galvanism,  and  not  of  any  combustion »  Sor  little  of  the 
charcoal  is  consumed,  and  it  can  be  made  to  appear 
under  water  and  other  liquids. 

Galvanism  is  the  source  of  intense  heat  If  a  very  fine 
metallic  wire  be  stretched  between  metallic  rpds;  connect- 
ed with  each  extremity  of  the  galvanic  battery,  its  tem* 
perature  is  raised,  and  if  the  distance  be  not  too  great,  to 
such  an  extent  as  to  melt  even  the  most  refractory  of  the 
metals.  Fine  metallic  leaves,  suspended  from  the  one  rod, 
are  made  to  burn  when  touched  with  a  metallic  plate  in 
communication  with  the  other.  From  this  arrangement^ 
even  gold  and  silver  enter  into  vivid  combustion,  and  the 
least  fiisible  of  the  earths  have  been  melted. 

The  most  important  chemical  pr(^ny  of  this  power  is 
.  that  of  producing  deccMnposition.    Very  soon  after  the  in- 
vention of  the  Voltaic  battary,  it  was  observed  by  Messrs 
Nicholson  and  Carslisk,  that  when  wires,  connected  with 
the  two  extremities  of  the  battery,  are  placed  in  a  portioQ 
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of  water j  a  stream  of  gas  arises  from  each  wire,  an  a{^)ear^ 
ance  which  they  found  owing  to  the  decomposition  of  the 
water.  The  subject  was  immediately  prosecuted^  and  » 
number  of  chemical  compounds  were  found  to  be  decom- 
posed  in  a  similar  manner.  Still  more  lately^  Mr  Davyy 
led  by  the  knowledge  of  the  law  which  regulates  these  de- 
compositions^  and  anploying  galvadic '  arrangements  of 
great  powi^r,  has  succeed^  in  discovering  the  composition 
of  a  number  o£  substances,  the  nature  of  which  was  be- 
fi)re  unknown  to  us,— discoveries  which  have  materially 
changed  the  aspect  of  the  science,  and  to  the  prosecution 
ef  which  scarcely  any  limits  can  at  present  be  assigned, 
for  our  power  of  increasing  the  galvanic  force  appears  to 
be  nearly  unlimited,  and  with  this  its  energy,  in  counter-^ 
acting  chemical  attraction,  appears  progressively  to  in- 
crease. 

The  decompositions  produced  by  galvanism  consist  in 
the  separation  of  the  elements  of  a  compound  from  their 
state  of  combination,  by  the  attraction  uniting  them  being 
suspended  by  the  galvanic  force.  But  it  was  not  very  ob- 
vious how  this  effect  is  produced,  and  a  difficulty  hkewise 
presented  itself  with  regard  to  them,  from  the  very  singu- 
lar fact,  that  the  elements  of  the  decomposed  compound 
are  not  evolved  together,  but  the  one  appears  at  the 
wire  connected  with  the  one  extremity  of  the  galvanic 
battery,  and  the  other  at  the  wire  connected  with  the 
other  extremity;  To  account  for  this,  different  hypothe* 
ses  were  proposed,  not  very  satisfactory;  at  length  Messrs 
Hisinger  and  Berzelius,  from  a  number  of  experiments, 
drew  tht  geineral  ccHuclusion^  that  hy  attractive;  forces 
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exerted  at  the  gaivaiiic  poles^  certain  cLesiients  are  brought 
to  the  positive  ride,  and  othei^s  to  the  nc^gative  side  of 
the  galvanic  series;  oxygen  and  acids  being  attracted  to 
the  former ;  inflammablesy  metals,  alkahs  and  eaiths  being 
attracted  to  the  latter.  Hence  the  decomposition  of  conw 
pounds,  consisting  of  substances  belonging  to  these  oppo-- 
site  classes,  and  the  distinct  evolution  of  their  elements. 

This  law  has  been  more  clearly  developed  by  Mr 
Davy's  researches.  The  transfer  of  the  elements  of  the  de« 
composed  compound  ^to  a  distance,  and  through  inter- 
posed  matter,  has  been  accurately  traced,  and  a  number 
of  interesting  facts  with  regard  to  it  established.  The  ^)* 
paratus  he  employed  consisted  g^ierally  of  two  vessels  of 
glass,  or,  as  less  liable  to  be  acted  on,  of  agate,  or  of  gold^ 
connected  by  a  few  fibres  of  the  mineral  substance  named 
asbestos,  moistened  with  water  (Fig.  24*.  PI.  III.)  The  so'- 
lution  of  a  compound  substance,  of  a  sah  for  example, 
conq)osed.of  an  acid  and  an  alkali,  was  put  into  each  vessel 
thus  connected,  and  they  were  subjected  to  the  action  of 
the  galvanic  apparatus,  a  wire  from  the  positive  side  being 
inserted  in  the  one.  A,  and  a  wire  from  the^  negative  side 
in  the  other,  B.  ,In  a  short  tiiue,  wh&a.  a  sufficient  power 
is  employed,  the  principles  of  the  salt  are  separated,  the 
acid  is  collected  in  the  one  vessel,  and  the  alkali  in  the 
other.  If  the  solution  of  a  salt  were  placed  in  one  vessel, 
and  distilled  water  in  the  other,  either  the  acid,  or  the 
base  of  the  salt,  might  be  transferred  through  the  oonunu* 
nicating  substance  to  the  distilled  water,  according  as  the 
solution  was  connected  with  the  positive  or  the  negativf 
si(le  of  the  galvanic  trough :  if  with  the  pMtive  ^e,  ibf 
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acid  remained,  and  the  base  was  oonveped  to  tbe  trata^^ 
if  with  the  negative  side,  the  reverse  was  the  resnll.  In 
this  way,  even  metals  cotdd  be  transferred,  as  silver  bom 
nitrate  of  silvor,  or  insohible  earths,  as  magnesia,  finom 
su^hate  irf*  magnesia. 

Wh^i  the  vessels  themsdves  were  composed  of  substan- 
ce susceptible  of  decomposition,  such  as  earthy  com- 
pounds, sulphate  of  Ihne  and  others,  the  same  separation 
of  elements  was  efiected,  though,  from  the  state  of  oohe- 
sion>  more  slowly.  Ev^i  glass  was  found  liable  to  this  de- 
composition. And  such  is  the  force  of  this  agent,  that  the 
most  minute  portion  of  a  substance  attracted  by  either  of 
the  wires  is  collected  around  it, — a  circumstance  which 
has  frequently  been  the  source  of  deception  in  galvanic 
experiments,  with  regard  to  the  apparent  formation  <^  new 
products. 

So  completely  is  the  matter  convq^ed  by  the  galvanic  in- 
fluence protected  by  it,  that  it  may  be  transmitted  throiigh 
a  substance  to  which  it  has  a  chemical  affinity,  without  being 
detained ;  as,  for  example,  if  a  third  vessel  be  interposed  be- 
tween the  two,  and  connected  with  them  in  a  similar  manner 
by  moistened  asbestos ;  if  an  acid  liquor  be  placed  in  it,  an 
alkali  may  be  conveyed  through  this  without  interruption, 
and  be  collected  round  the  negative  wire ;  or  vice  versa,  if 
an  alkaline  solution  be  put  into  the  intermediate  vessel,  an 
acid  may  be  conveyed  through  it,  and  collected  at  the 
positive  wire.  If  a  strong  force  of  cohesion,  however,  in- 
terfere, the.substance  is  intercepted :  thus,  sulphuiic  acid 
is  not  transmitted  through  solutions  of  barytes  or  stron- 
tites,  nor  these  earths  through  sulphuric  acid.     The  che* 
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:|hic&l  affinities  of  the  conveyed  substance  are  suspended  by 
die  galvanic  influ^ce;  an  add,  for  example,  not  redden- 
ing a  v^etable  colour  in  its  progress,  but  only  where  it  is 
xxJlected  around  the  positive  wire ;  and  an  alkali,  in  like 
manner,  exerting  its  chemical  action  only  at  the  negative 
side* 

.   These  decompositions  appear,  to  be  always  complete,  or 
the  law  of  chemical  affinity  so  often  observed^  that  an  in- 
gredient of  a  compound,  when  separated  firom  a  combina- 
tion, retains  a  portion  of  the  ingredient  with  which  it  had 
been  combined,  is  counteracted ;  the  transferred  substance^ 
Mr  Davy  found,  being  perfectly  pure. 
~   By  these  researches,  then,  the  general  law  is  establidi- 
ed,  (hat  certain  substances,  oxygen  and  ac|ds,  are  attract- 
ed by  positively  electrified  metallic  sur&ces,  and  repdled 
by  similar  sur&ces  negatively  electrified  ^  while  inflamma- 
ble bodies,  metals,  metallic  oxides,  alKalis  and  earths,  are 
attracted  by  negatively  electrified  metallic  sur&ces,  and  re- 
pelled by  those  which  are  in  a  positive  state.  Hence  the  phe^ 
nomena  of  the  decomposition  of  bodies  by  galvanism,  one  of 
the  elements  of  a  compound  bring  forcibly  attracted  to  the 
one  galvanic  pole,  the  other  to  the  other,  while  each  is  at 
the  same  time  rdpelled  firom  that  side  to  which  the  other 
is  attracted.     And  these  attractions  and  repulsions  are 
exerted  at  considerable  distances,  producing  therefore  the 
transfer  of  the  bodies  acted  on  through  any  medium  in 
which  they  are  capable  of  being  diffiised.     Mr  Davy  has 
supposed,  that  the  positive  electrical  state  may  be  commu- 
nicated at  the  one  pole  to  the  one  element,  and  then^a- 
4ive  electrical  state  io  the  other  at  the  opposite  pole :  thjis 
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State  may  be  coronuinicated  to  the  particles  of  each 
thiough  the  whole  cdunun  interposed  between  the  two 
poles,  and,  in  €onfi>nnity  to  the  law,  that  bodies  similari^ 
dectrified  repel  each  other,  while  those  in  opposite  electri<« 
cal  states  attract,  the  pardeks  of  the  body  in  the  one  state 
will  be  attracted  to  one  pole,  and  repelled  from  the  other ; 
a  chain  at  series  of  particles  will  thus  be  established^ 
Bloving  in  this  direction,  while,  for  the  same  reason,  the 
particles  of  the  other  element  will  move  in  the  opposite 
direction,  and  the  motion  of  each  will  continue  until  the 
whole  is  collected  around  that  pcde  to  which  it  is  attract* 
ed.     Or^  perhaps,  what  is  equally  probable,  the  partiole6 
receiving  the  dial'ge  at  each  pole,  instead  of  communi*^ 
eating  part  of  the  charge  to  its  contiguous  particles,  may 
be  at  once  repcdled  from  that  side,  and  attracted  to  the 
other.     In  atmospheric  air,  we  know  that  bodies,  render-* 
ed  positively  or  neg^ively  electrical,  are  attracted  and  re- 
pelled at  considerable  distances.     From  the  low  state  of 
intensity  in  which  electricity  exists  in  galvanic  arrange- 
ments, water  is  a  medium  with  regard  to  it  very  nearly  as 
atmospheric  air  is  to  electricity  evolved  in  the  common 
electrical  apparatus,  and  it  may  therefore  allow  electric 
attractions  and  repulsions  to  operate  in  a  similar  manner* 
Mr  Davy  has  suggested  the  hypothesis,  that  even  che- 
mical affinity  itself  may  be  a  modification  of  electrical 
energy.     Bodies  in  the  same  electrical  states  repel  each 
Other ;  but  when  in  c^posite  electrical  states,  they  mutually 
attract.     It  is  conceivable,  that  some  kinds  of  matter  may 
be  naturally  positively  electrical,  others  negatively  electri- 
cal J  and  if  such  bodies  are  presented  to  each  other,  their 
particles  will  be  disposed  to  unite,  and  these  different  elec- 
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tribal  'energies  bring  pres^it  perfaips  in  SSerenk  degrQeft, 
mtij  give  rise  to  dfffeicnt  forces  of  attraction.  Tlie  phe* 
nomena  of  gahanian  ondonbtedly  estad^lisfa  the  in^xotaat 
influence  of  dectrical  energy  on  chemical  affinity. 

'  In  the  production  of  Ae  difierent  effects  arising  from 
Ifae  operaticHi  of  galvanism,  a  difieiiait  law  is  observed 
with  regard  to  eadi,  in  relation  to  ihe  structure  of  the 
•galvaiuc  apparatus.  By  increasing  the  number  of  plates 
in  a  battery^  its  power  is  enlarged,  and^  by  having  these 
plates  of  a  large  size,  it  is  Ukewise  obrious  that  die  quan- 
iity  of  power  generated  must  be  greater..  But  the  feet, 
ndher  iringidar,  has  been  established,  that  an  incnease  in 
die  number  of  plates,  without  a  propordosial  increase  in 
dbeir  extent  of  surface,  does  not  equally*  augment  all  die 
efects  from  galvanism,  a  different  law  being  followed 
in  die  power  of  elevating  temperature,  of  exciting  sensa- 
ticms  in  die  organs  of  animals,  and  of  producing  chonical 
decomposition. 

Tliis  is  apparait  from  a  very  simple  fact.  If  a  few 
large  metallic  plates,  of  a  large  sur&ce,  as  12  or  15  square 
inches,  be  employed  as  a  galvanic  battery,  it  will  be 
powerfiid  in  producing  Ught  and  heat, '  and  will  therefore 
ifiuminate  diarcoal  vividly,  or  cause  mcMUic  leaves,  placed 
in  the  circuit,  to  burn  widi  great  brilliancy.  Bat  it  will 
diqilay  litde  power  of  electrical  attraction  and  repulsion, 
and  €tet  feebly  on  imperfect  condmcttH^  in  producing  d)&- 
•cbmposi^n.  If  the  same  plates  be  cut  down,  each  faejng^ 
diidded  inbo  fom*,  and  a  battery  be  construdcd  with  .di«^, 
though  ther^  is,  on  die  whole,  the  same  x|uanti<y  of  sur- 
face, yet  the  relation  of  this  to  repedtion  or  number  being 
changed,  die  effects  are  di^B^rent ;  it  has  Hide  power  in  bum-* 
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ing  the  metallic  kaves ;  while  it  exhibits  more  efidenilf  the 
differ^it  electrical  states,  it  excites  more  forciU^  sensa* 
tkms  or  contractions  in  animal  oif;an8,  and  is  mudi  masB 
powerfiil  in  giving  rise  to  chemical  decomposition. 

This  has  been  in  particular  investigated  by  Rittery  and 
he,  from  a  very  extensive  series  of  experiments,  has  en«" 
deavoufed  to  establi^  the  rdation  between  number  ana 
surface  in  the  metallic  plates  in  a  galvanic  battery,  adapt- 
ed to  the  production  of  each  of  the  effects  obtained  from 
galvanism.      That  of  exciting  sensations  and  contractions 
in  animals,  he  found  to  be  principal^  dependait  on  num» 
ber;  that' of  producing  combustion  is  principally  dqien^- 
dent  on  extent  of  sur&ce;  that  of  producing  chemical  de-' 
coniposkicMi  is,  in  its  relation  to  surface  and  number,  inter^^ 
mediate  between  thesfe.     But  with  regard  to  aU  of  them, 
a  certain  relation  exists,  or  a  certain  proportion  between 
number  and  surface  gives  the  maximum,  and,  increasing 
either  indefinitely,  according  to  Ritter,   diminishes  the 
power.     If  the  due  proportion  be  observed,  the  galvanic 
energy  displayed  in  all  these  effects  may  probably  be  in- 
definitely increased. 

The  theory  of  these  differences  probably  is,  that  a  pe- 
culiar state  of  intensity  of  galvanism  is.  required  for  the 
production  of  each  of  these  effects.  The  quantity  of  elec- 
tricity generated  in  the  apparatus  will  be  proportional  to 
the  surtace  acted  on,  but  its  state  of  intensity  is  produced 
^  by  its  accumulation^  and  will  therefore  be  regulated  by  the 
quantity  of  imperfect  conducting  compared  with  perfect 
conducting  matter  in  the  arrangement.  The  liquid  in- 
terposed between  the  metallic  plates  is  the  least  per- 
fect conducting  matter :  the  repetition,  therefore,  of  the 
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tnetaUic  plates,  ^e  labsotute  surface  renudning  the  same^ 
fi»rm8   an   arrangement    in   which    the  imperfect   con* 
ducting   matter  is  most  abundant,    in   which   there   ii 
the  greatest  resistance  to  the  evolution  of  the  electric 
finrce,    and    in   widch   therefore   this   will   acquire   the 
highest  state  of  intensity.    Now,  a  oonsiderable  intensity 
is  requisite  to  enable  the  electricity  to  penetrate  the  ani- 
mal  membrane,  which  it  must  do  to  exdte  sensatbils  or 
omtractions,  this  membrane  bdnjf'  an  imperfect  conduc- 
tor :  at  a  lower  intaisity,  it  will  penetrate  liquids,  and  act 
in  deccmiposing  them ;  and  metals  are  conductors  so  per* 
feet,  that  in  the  lowest  state  <^  intensity  it  will  p^ietmte 
-them,  and  produce  effects  proportional  to  its  quantity. 
Hence  the  cause  of  the  peculiar  rdations  of  number  and 
fior&ce  to  these  different  eflfects  which  have  been  proved 
to  exist ;  the  extent  of  surfece  giving  quantity ,  and  the  re- 
petition of  surface  in  the  series  or  nuihber  increasing  the 
intensity. 

In  conformity  to  the  difference  of  power  thus  required 
to  produce  these  different  efiects,  it  has  been  found  that 
different  liquids  are  adapted  to  each.  To  -excite  that  ef- 
fect by  which  intense  heat  and  light  are  excited,  measured 
by  the  length  of  metallic  wire  which  is  melted,  nitric  add, 
diluted  with  from  20  to  30  parts  of  water,  is  most  power* 
fid ;  sulphuric  acid  diluted  is  inferior  in  power,  and  the 
action  of  both  in  producing  exdtation  is  soon  exhaust^. 
For  producing  chemical  decomposition,  muriatic  acid  is 
better  adapted,  and  it  has  the  farther  advantage  of  its 
power  continuing  longer  y  eight  ounces  may  be  added  t^ 
a  gallon  of  water,  or  a  smaller  quantity  to  a  solution  of 
sea-salt. 
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battery ;  amd  Davy,  efmployiiig  a  similar  arraiigcni«Bl» 
has  even  demonstrated  that  the  prindiiles'  of  the  d^ 
composed  substance  are  conveyed  to  a  distance  and  col- 
iected  around  the  positive  and  native  vdres,  as  they  are 
by  galvanism  in  its  usual'form. 

On  the  hypothesis  that  electricity  and  galvanism  are  the 
.same,  it  remains  to  be  determined  by  what  cause  it  is  e- 
^volved,  and  put  in  motion  in  the  galvanic  arcsMigemeuts* 
Two  explanations  have  been  given  of  this  subject,  one  ori- 
ginally proposed  by  Volta,  the  oth^  originating  with  the 
British  chemistls. 

VoUa's  hypothesis  rests  on  a  fact,  which  he  proves  by  e% 
periment,  that  ^<  if  two  different  metals,  perfectly  dry,  in- 
sulated, and  having  only  their  natural  quantity  of  electri- 
city^ be  brought  into  contact,  on  removing  them  firom  that 
contact,  they  are  in  different  electrical  states ;  the  one  is 
positive,  &e  other  negative."  In  the  example  of  the  me- 
tals now  generally  used  in  galvanic  arrangements,  the  zinc 
is  in  the  former  state  or  pluSf  the  copper  in  the  latter  or 
minus.  The  difference  is  not  very  considerable ;  it  is  per- 
ceptible, however,  and,  when  accumulated  in  an  electric 
condenser  by  repeated  application  of  the  plates,  becomes 
sufficiently  strong  to  cause  the  electrometer  to  diverge.  £- 
lectricity,  therefore,  is  developed  by  the  mere  contact  of  dif- 
ferent metals,  independent  of  any  foreign  action  on  them ; 
or  one  metal,  by  its  contact  with  another,  forces  part  of 
its  electricity  into  that  other,  and  this  inequality  of  distri- 
bution continues  while  they  are  in  contact,  and  no  con- 
ductor is  applied  to  them.     On  thi^  principle  the  action  of 
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the  ttiiial  galranic  arrangements  is  explained  in  the  foIlM'*^ 
log  manner. 

If  a  series  of  metallic  plates  were  constmcted)  without 
my  intermediate  substance,  no  accumulation  of  power 
would  be  obtained.     The  copper,  for  example,  comm^p- 
dng  this  series,  and  in  contact  with  a  plate  of  zinc  above 
it,  would  yield  to  it  part  of  its  electricity,  and  the  sane 
would  become  positively  charged.     But  if  another  plate  of 
copper  were  placed  above  the  zinc,  this  action  would  be  in- 
terrupted ;  the  zinc  being  in  contact  at  each  dl  its  surfaces 
with  the  two  plates  of  copper,  two  equal  forces  Would  act 
in  opposite  directions,  and  destroy  or  counterbalance  each 
other.     The  differaice  in  the  electrical  state,  therefore,  of 
a  series  thus  formed,  would  not  be  greater  in  the  whdle^ 
than  ill  a  single  pair  of  the  plates,  and  would  even  amount 
to  nothing  if  the  arrangement  b^an  and  ended  with  the 
same  metal.  But  if  a  piece  of  moist  card  or  cloth  be  placed 
between  the  platesj  that  is,  between  the  zinc  plate  and  the 
second  copper  plate,  the  efF(^ct«of  the  latter  on  the  former 
is  interrupted  :  the  liquid  in  the  card  having  comparative- 
ly with  the  metal  little  of  this  peculiar  electro-motive  power, 
€itfToiperty  of  breaking  by  contact  the  equilibrium  of  elec- 
tricity, does  not  check  the  motion,  but  acting  as  a  con- 
doctor,  convey,  the  po^tive  electricity  from  the  zinc  to 
fte  next  cqfiper  plate ;  and  accordingly,  on  this  addition 
of  the  moistened  card,  Volta  finds,  by  experiment,  that 
agns  of  dectridty  are  manifested.     By  cotitinuing  the  se- 
ries tlie  power  is  always  increasing,  the  action  is  renewed 
at  each  pair  of  plates,  the  electricity  communicated  is  al- 
ways given  at  the'  expence  of  the  pieces  beneath  ;  theie 
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therefore  become  negatively  charged  in  a  progre^ve  ot^ 
(ler  downwards ;  the  others  become  positively  charged  in  a 
aimiiar  order  upwards :  the  two  plates  in  the  middle  of  the 
column  are  in  the  natural  state  ^  and  as  highly  n^gBtive  at 
the  cojpipeT  commencing  tlie  series  is,  as  highly  pooitive  it 
the  zinc  plate  which  terminates  it,  the  difference  being 
greater  according  to  the  number  of  plates.  The  different 
powers  of  the  different  metals  in  afibrding  galvanism.  Vol* 
ta  ascribes  to  t})e  difFerent  degrees  in  which  they  possess 
this  dectro-moving  power,  or  to  the  effect  of  breaking  the 
electric  equilibrium,  being  greater  in  some  than  in  othersy 
zinc  taking  electricity  from  every  other,  and  gold  yidding 
it  to  the  rest  The  powers  of  difFerent  Uquids  in  exciting 
galvanism,  he  supposes  owing  to  their  greater  conducting 
power,  modified  as  they  have  less  of  the  electro-motive 
quality  ;  and  he  shews  by  experiment,  that  saline  liquorst 
which  are  superior  to  water  in  exciting  galvanism,  are  su« 
perior  in  conducting  power.  Tlie  action  which  puts  the 
electrical  energy  in  motion,  though  greatest  between  the 
metals,  is  not  peculiar  to  them ;  it  exists,  though  to  a  less 
degree,  in  other  8ubstances>  and  hence  a  galvanic  series  can 
be  constructed  without  metallic  matter.  And  were  we 
possessed  of  any  solid  substance  capable  of  conducting  elec* 
tricity  wiUiout  having  the  electro-motive  property,  we 
might  by  means  of  it  construct  a  galvanic  battery  witliout 
the  intervention  of  any  liquid. 

The  hypothesis  opposed  to  this,  considers  the  excitation 
of  galvanism .  as  the  consequence,  not  of  the  action  of  the 
metals  on  each  other,  but  of  the  chemical  action  of  the  li- 
quids employed  in  the  construction  of  the  galvanic  series 
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Ml  dielBCtiti  oontpo^g  iU  The  following  is  the  mode 
in  whi(^  its  evolution^  and  the  determination  dTits  motioii^ 
are  ^sqplaiaed  on  this  hypothesis.  The  commencing  series 
13^  copper^  zinc^  and  liquid  eitb^  a  saHi^  solutkm  or  a 
diluted  aeki;  a  diemieal  action  is  ^cmted  between  this  li«> 
quj^  and  the  contiguous  surface  of  zino^  and.  in  conse^ 
quence  of  it  the  electricity  is  evolved,  or.  passes  from  the 
subi^biaice  of  the  zinc  to  the  surface  acted  on  $  the  plate, 
therefore)  beccmies  negatiye,^«^a  state  which  is  communis 
sated  to  the  copper  on  its  opposite  side*  The  'electrical 
current  is  thus  determined)  or  it  passes  from  the  zinc, 
through  the  liquid  )  it  fi  brought  to  the  next  plate  :  were 
tfaiftoinc^  a  dbiemical  action  would  be  exerted  between  it 
and  the  flaid)  and  a  current  in  an  opposite  direction,  by 
wfaicti  eadi  would  be  neutralized,  would  be  formed ;  but 
beang  ei  copper,  and  the  chemical  acticm  being  always  on 
the  more  oxidable  metal,  the  copper  mer^  conducts  the 
dsttricify  to  the  next  plate  of  zinc ;  at  the  other  surface 
of  this  zinc  plate,  a  fresh  portion  of  electricity  is  added  to 
thecuiprent,  by  tlie  dtemical  action  which  is  there  exerted  f 
•this, is  repeated  at  each  of  these  j^ates;  the  quantity  of 
^leetrieity  is  increased  as  the  current  proceeds ;  and  hence 
die  last  zinc  pkte  of  the  battery  must  be  in  a  positive 
■iate,  while  the  other  extremity  is  negative. 

Titere  is  some  difficulty  in  deciding  on  die  merits  of 
^eae  l^otheses,  though  that  of  Volta  is  on  the  whol^ 
'^perier  to  the  other*  It  has  the  important  advantage  of 
'^^^g  oii  a  pnnc^le  which  is  suiBdently  estaUi^ed,  tliat 
two  metals  by  mere  contact  alter  their  electrical  states*^ 
'^^f  from  this  principle,  combined  wtth  the  &ct,  which 
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appears  akb  to  be  proved,  that  the  mtetpbsedliqidds  have 
little  of  this  electro-motive  power,  while  they  are  conduc- 
tors of  electricity,  it  appears  to  follow  that  from  such  aa 
arrangement  as  that  which  constitutes  the  galvanic  qipa- 
ratus,  a  stream  of  electridtj/'  must  be  put  in  motion,  and 
the  two  extremities  of  the  series  must  be  in  the  opposite 
electrical  states. 

The  principal  difficulty  which  attends  it,  and  which  af« 
fords  some  ground  for  the  opposite  hypothesis  to  rest  on, 
is  that  the  power  of  the  interposed  liquids,  in  exciting 
galvanism,  does  not  appear  to  be  proportional  merely  to 
their  superior  conducting  power,  but  to  be  connected^with 
the  chemical  action  they  exert  $  those  being  most  pow»- 
ful  in  exciting  it  which  act  chemically  with  greatest  ener- 
gy, and  the  excitation  in  a  great  measure  ceasing  when 
that  action  ceases.  Yet  this  difficulty  is  perhaps  coun- 
terbalanced by  the  opposite  fact,  equally  established, 
that  the  power  of  certain  liquids  ii)p  exciting  galva- 
nism is  more  than  proportional  to  their  chemical  action ; 
alkaline  solutions,  for  example,  or  solutions  of  seansalt  or 
i$al-ammoniac,  affording,  next  to  diluted  acids,  the  liquids 
best  adapted  to  excite  galvanic,  though  they  do  not  exert 
any  great  chemical  energy;  and  in  comparing  them 
with  these  acids,  their  exciting  power  is  unquestion- 
ably much  greater  than  their  chemical  action.  If  chemi- 
cal changes,  therefore,  at  all  operate  in  the  production  of 
galvanic  electricity,  it  is  probably  only  as  a  subordinate 
cause,  modifying  the  more  important  one  from  the  electror 
motive  power. 
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PART  II. 


«F  THE  CHEMICAL  PROPERTIES  AND  COMBINA- 
TIONS  OF  INDIVIDUAL  SUBSTANCES. 


^  I^HE  Science  of  Chemistry  divides  it^  into  two  great 
-^  departments! — the  one  including  its  general  prind- 
{deSy  or  the  statement  of  the  phenomena  and  laws  of  those 
4S)roes  from  the  operation  of  which  chemical  changes  arise  ; 
^e  other  comprising  what  relates  to  the  operation  of  these 
Jbrces  oh  individual  substances,  embi^acing  therefore  the 
liistory  of  the  combinations  of  matter^  ii,nd  the  chemical 
agencies  of  all  known  bodies. 

I  have  given  the  outline  of  the  methods,  according  to 
which  substances  may  be  classed,  in  conformity  to  their 
diemical  relations.  The  table  of  the  arrangement  I  have 
framed  is  prefixed  to  the  first  part  of  this  volume,  and  it 
is  unnecessary  to  repeat  the  observations  with  which  it  is 
accompanied.  The  first  place  is  given  to  Atmospheric 
Air'  and  its  Ekments,  as  there  are  no  substancesj,  the  die- 
mical  actions  of  which  are  more  important  and  extensive, 
and  none  therefore  with  which  it  is  more  necessary  to  be 
Vcquiunted,  in  proceeding  to  the  details  of  th^  science. 


Vot.  I. 
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BOOK  I. 

OF  ATMOSPHERIC  AIR  AKD  ITS  EUEBIENTB. 

J  HE  atmosphere  is  that  mass  of  elastic  fluid  wliich  sur- 
rounds the  globe.  This  aerial  fluid  was  regarded  as 
an  element  in  the  system  of  ancient  philosophy ;  and  one 
of  the  most  brilliant  discoveries  of  mod^n  chemistry  is 
l}iat  of  its  composition,  first  clearly  demonstmted  "by 
Scheele.  It  consists  of  two  aeriform  bodies,  OKygen  gas» 
<md  nitrogen  gas ;  with  which  are  mix«d,  a  small  portion 
of  another  elastic  fluid,  carbonic  acid,  probal^  oviginot- 
ing  &om  accidental  sources,  and  watery  vapour  invkriable 
proporticHis  derived  obviously  from  the  evaporation  of 
water  at  the  surface  of  the  earth.  The  two  latter  aib- 
stances  are  therefoi*e  scarcely  regarded  as  essential  to  its 
constitution.  * 

The  composition  of  atmospheric  air  is  demonstrated 
both  by  analysis  ahd  synthesis.  The  analysis  is  pierform-^ 
ed  by  Submitting  it  to  the  action  of  substances ,  which 
combine  easily  with  oxygen,  and  reduce  it  from  the  aerial 
f&rm^  such  as  phosphorus,  or  the  compound  liquor  form- 
'  ed  by  boiling  sulphur  with  lime  and  water  :  a  diminution 
of  volume,  amounting  to  about  a  fiflh  part,  is  produced, 
and  the  reniainiflg  air  is  wholly  changed  in  its  propertied 
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ft  i»  a}trogexi  giui^  «ad  Ihe  wygen^  Yrkb  which  it  i^m^ 
mnted  bl^uiid  to  bo  eoiBbioedy  with  the  sMbfllaoee  hgr  tlvt 
action  of  which  the  change  has  beesm  efiS^tiod^ ;  The  9y9^ 
tb^  eiq^eriment  cpmist9  loerely  in  miHiiag  eaxfgfffx  «nd 
Piti?q0ea  gfiaes  in  the  d^e  proportion^  ^ui9I  of  Ib^fto^ 
Mf  with  79  of  the  ivtt^  by  weeaurie.  whm  W;  eb^ 
floid  «  formed  perfectly  wwlar  to  dimo(^€»io  ai^  To 
be  qaaUed  to  explain  the  ehemical  agenciee  of  the  cem- 
PQ^»  it  is  nece$sary»  first;^  to  d(^ribe  th«  {»io{»erti^  of 
iti  <Miiatituent  parts. 


s . 


CHAP.  I. 


OF  OXYGEN  OAS. 


Tma  elastic  fluid  was  diacovered  nearly  about  the 
mne  time  by  Sdieele»  Priestley,  and  Latoiner.  It  i^ 
eeived  the  appellations  of  Fire  Airi^  Dephlo^iaticated  Air^ 
Fme  Air,  and  Vital  Air,<-*tef  ma  superseded  fay^  the  name 
«f  Q^rg<p,  derived  fiom  a  chemical  properly  emiaently 
ohanuBteristic  o£  it,  that  of  giving  sopmess  or  acidity  to 
the  compounds  in  which  it  predominates.  Oxygen  d^ 
notes  its  gravitating  matter  ox  base ;  Qxygen^Qaa  is  the 
name  ^ven  to  it  in  its  elastic  form. 

This  aeriform  fluid  is  extensively  difiused.    It  not  only 
eiiflti  as  a  constituent  principle  of  the  atmoq^re^  but  it 
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18' also  the  princqMil  eompona&t  part  cxf  watar;  itauiCain 
all  adds,  and  is  found  in  numerous  forms  of  cbmlAtiltiali 
in  mineral  substances,  and  in  the  products  of  Ae  vi^eta^ 
ble  and  animal  systems. 

It  is  from  some  of  its  compounds  that  it  is  obtained  in^ 
snkted.     That  which  affords  it  most  readily  is  thenimeni 
substaAce  known  by  this  name  of  Black  Manganese*    This 
consists  of  a  peculiar  metal,  manganese,  united  with  oxj" 
g^i^    If  exposed  to  a  full  red  heat,  a  large  portion  of  the 
03grgen  is  expelled  in  the  aerial  form ;  the  elevated  tem- 
perature weakening  the  affinity  between  the  metal  and  the 
oxygen,  and  allowing  the  latter  to  escape  from  the  com- 
bination, until  the  increase  thus  jproduoed  in  the  rela- 
tive quantity  of  the  manganese  to  the  oxygen  that  re- 
mains, adds  so  much  to  the  force  of  its  attraction,  that 
the  farther  decomposition 'is  prevented.    The  expulsion 
of  the  oxygen  from  ^the  black  oxide  of  manganese  is  much 
facilitated  by  the  introduction  of  another  affinity,  so  that  if 
mixed  with  its  own  weight  of  sulphuric  acid,  a  large  quan- 
tity of  oxygen  gas  is  disengaged  from  the  mixture  by  the 
heat  of  a  lamp :  the  acid  favouring  its  escape,  by  the  at- 
traction which  it  exerts  to  the  manganese,  in  a  low  state 
of  oxidation.     Other  metallic  oxides,  as  the  red  oxide  of 
mercury,  or  the  red  oxide  of  lead,  afford  a  portion  of 
oxygeii  by  similar  processes ;  a  large  quantity  is  obtained 
when  nitre  is  decomposed  by  heat  in  an  earthen  retort : 
another  salt,  the  oxymuriate  of  potash,  affords  it,  when 
exposed  to  a  red  heat,  and  in  a  state  more  pure  than 
that  in  which  we  obtain  it  by  other  methods. 

^yg^^  &^  IS  colourless,  and  destitute  of  smell  or  taste ; 
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it  18  rather  faeavier  than  atmoqiheric  air  i  being  about 
1 12%4lie  latter  being  1000. 

This  gas  is  absorbed  by  water,  but  in  very  sparing 
quantity  $  100  cubic  inches  of  water,  freed  from  air  fay 
boilbaig,  Absorbing  not  more  than  9.55  cubic  indies,  under 
a  comBum  atmospheric  pressure,  and  at  the  temperature 
of  ,60^^  By  increasing  pressure,  a  larger  quantity  is  absorb- 
ed, fMxiportianal  to  the  pressure  a{^lied  $  and,  under  a 
great  pressure,  water  may  be  made  to  take  up  about  half 
its  bulk  of  the  gas,  acquiring,  however,  fitnn  this  impreg- 
nation, .  no  taste  or  small. 

The  most  characteristic  property  of  oxygen  gas  is  its 
power  of  exciting  and  supporting  combustion.     When  an 
inflammablp  body  is  kindled  and  introduced  inta  it,  the 
combustion  is  rapid  and  vivid ;  the  combustihle.body  bums 
longer,  and  is  more  quickly  consumed,  and. much  mcate 
beat^and  light  are  evolved,*  than  when  it  bums  in  atmos- 
pheric, air ;  and  even  bodies  which  do  not  suffer  combus- 
tion, when  raised  to  a  red  heat  in  atmospheric  air,  as 
iron,  bum  rapidly  when  they  are  at  thia  temperature  un- 
meised  in  oxygen  ga^-   l^trictly  speaking,'  it  is  the.  only 
gas  that  supports  combustion,  atmospheric 'air  and  others 
doing  so  oiUy  fit>m  the  oxyg^  they  contain.    During  the 
'bumjng,  the  oiiLygen  is  consumed,  or  is  absorbed  by  the 
banqng  body  ^ .  and  hence  a  given  quantity  of  it  can  sup- 
port, the  process  only  for  a  limited  time.    The  result  of 
the  combustion  is  frequently  the  production  of  a  sub- 
.  stance  having  acid  properties ;  and  from  this,  oxygen  has 
been  regarded  as  the  principle  of  acidity. 

Oxygen  gas  is  also  distinguished  by  its  power  of  sup- 
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quantity  of  it,  it  lives  a  longer  time  thadf 'k  mMftt*'  A* 
in  tke  isapoe  i^iiioie  of  otmoi^heric  air.  A  qiianltty  iS^ 
qppears)  :«r  k xonsumed  during  rapimtikin)  itod  it  indb' 
pciittahle'tb^the  coutuiiianoe^f  Iffe^  Mid  MuiMtpiteia&air, 
^r  anjr  giB,-  suitains  life,  only  from  die  OKjf^^  it  "Cetttni 
«nd  is  capable  cf  afiyrding  to  the  Uood.  Rire  oxjq^i 
iiawevery  does  not  appear  to  be  weS  adapted  to  ammal  A* 
istence.  If  Jtn  fminial  be  confined  in  a  giv^n  quaotity  of 
jt,  its  respiratioli  becomes  Imrried  and  laborioas  before 
the  whole  of  the  oxygen  is  consumed,  and  it  diea  evea 
ftfaough  Boimuch  oxygen  is  st^*  ^p^esent,  liiat  another  «ni- 
(mal  of  'the  same  iqiedes,  introduced  into  the  residual  air« 
iniU  Jiv&  Hoace  du  adaptation  to  animal  Mfe  dT  an  aii- 
iaosphere<siich  a«<inn  is,  in  irhicli  oiq|rgen  is  ^hfted  witli 
another  acbr,  which  appears  to  be  nearly  negative  in  its  e& 
&ots* 

Oxygen  has  a  tendency  to  combination,  more  ext^sve 
l^erhaps  than  any  other  idiemacal  ag^it  has.  It  is  neoea* 
sary  to  support  cotnbustion,  and  during  that  process  it 
combines  with  llie  con^ustiUe  body*  The  pt>od«K!tB  are 
compdicnds  of  oxygen,  and  are  numerous  and  important 
agents  m  chemistry.  The  adds  are  of  this  land,  and 
their  activity  is  firincipally  d^esident  on  their  oxygen, 
which  they  yield  readily  to  other  bodies,  and  which,  by 
diei  dense  state  in  whidi  it  exists,  i^  often  capable  of  ex* 
erting  powerfiil  affinities.  AU  the  metals  are  enable  of 
^mbming  with  this  prindple.  And  it  exists  in  an  im- 
mense number  of  natural  substances.  It  is  unqpiestioA- 
ably  more  ^bundaiit  in  nature,  and  more  extensive^  di£- 
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fbtec^i-tilaii  awf  sUafife '  bodf :    its   affimitm  are  more 
oanniJlliBfi  and  »ovt-  eneng^etde;    tfie.  developiimit  of  ill; 
agmciHi  fom^ed  tfie  ptmcipatpitrt  of  wliat  hasbeen  BAmed  ^ 
the  modem  theory /of  chemistry^  and  still  affords  the  motft 
iaqMi|t«Dt  fidbiticnB  of  the  scieiie& 
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ehBlie  ftuid  reniains  after  tha  removal  of  oxj^geii 
^«a  8tmoq>ke]ie  air,  fay  the  processes  which  have  been 
^bKzibed.  It  k  most  easi]^  pvocured  by  faiunaing  pho9» 
^lonu  in  atmospheric  air,  or  exposing  this-  air  to  the  lU 
^ROTy  fiNrmed  fay  boiling  mlphur  and  lime  wilb  water :  in^ 
either  case  the  oxygen  gas  is  abstracted,  and  the  residual 
iiitatofffSEi  gas  is  agitated  with  water  to  render  it  pare. 
Nitn^^en  is  abo  disengaged  from  animal  solsatancesy  acted^ 
on  by  dttated  nitric  acid.  It  has  been  hnown  by  various 
afipellaliomi  a&  Corrupted  Air^  Mephitic  Air^  IHnlogisti* 
cated  Air.  It  received  the  name  of  Azote  or  Asotic  GaSf 
from  being,  in  opposition  to  oxygen,  incapable  of  saBtain>»: 
ing  animal  life  by  respiration.  The  more  oonect  deno* 
ndiiatimiof  Nitrogen  is  given  to  it,  from  being  the  base  of 
an  order  of  compounds  which  have  been  long  known  by 
the  narae  o£  Nitrons. 
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Nitrogen  gas  is  pennanent^jr  elastiCt  inyiriUe,  iiu|pid» 
and  inodorouB.  It  is  lighter  than  atmcMpIieric  mJHf-  itt 
qpedfic  graTity  being  to  that  of  the  latter  as  •  966  to 
1000. 

This  gas,  possessing  no  very  striking  property,  ia  prin* 
dpally  characterized  by  certain,  negatiye  qualities  in  its 
pure  form,  and  by  the  nature  of  the  compounds  it  fimns. 
Thus  it  is  incapable  of  supporting  combustion.  It  is  equal- 
ly incapable  of  supporting  animal  life  by  respiration.  It 
is  not  inflammable  ^  for  although  it  combines  with  oxygen, 
a  process  generally  attended  with  the  phenomena  of  conir 
bustion,  nitrogen  presents  the  anomaly  of  exhibiting  none 
of  the  appearances  of  burning  during  this  combination ;  it 
neither  sensibly  evolves  heat  nor  light.  Lastiy,  nitrogen 
gas  is  not  perceptibly  absorbed  by  water ;  it  sufiers  no  ap- 
parent diminution  of  volume  when  exposed  to  it.  If,  how- 
ever, the  water  has  been  previously  freed  from  aQ  air  fay 
boiling,  and  the  nitrogen  gas  be  exposed  to  it  for  some 
hours,  a  very  small  quantity,  1.47  cubic  inch,  is  absorbed 
by  100  cubic  inches  of  the  water. 

Nitrogen  exhibits  more  distinctive  characters  in  the 
combinations  into  which  it  enters.  It  unites  with  oxygen 
in  different  proportions,  and  &rms  compounds  possessed 
of  very  peculiar  chemical  properties.  It  unites  too  with 
hydrogen.  And  it  is  a  chief  ingredient  in  the  products  of 
the  animal  system,  and  appears  to  give  their  most  distin- 
guishing chemical  characters. 

Opinions  have  often  varied  with  regard  to  the  nature  of 
nitrogen,  and  certain  facts  were  observed  which  rendered 
the  investigation  of  this  difficult.    Priestley  stated  many 
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^^^         iii'^wfaichiiit]X)genga»jppearedto^^fe 
im^pm  wat^r  by  pec^]iar  pnKxsses.  :  Thn>»  in  flintilKng,. 
waiter  fitmi'iaii  eai*then  retort^  or- >m  pasting  kthraiigh)a^ 
eaiiheii  tnbe'at  a  red  heat,  an  clastic  fluid  was  alwa]fl  io)»»: 
tainedy  i^onsating  diiefly  of  nitrogen.    In  'the ;  freesbig    . 
of  water,  a  ^portion  of  elastic. fluid  is  disengaged,  whidi: 
Priestky  Jfeimd  also  to  be  nitrqgeri^}  and  the  production  of 
Ihifl'  8|ipeared  to  him  to  be  unfimited.   A  giren  portion  of 
water,^whidi  had  been  previously ireed  as  much  as  pos- 
siUe  from  -any  air  it  might  hold  dissolved,  beingniade 
to  freeze  in  a  tube,  gave  out  air;  and  when  this  was  remo^ 
ved^  md  the  water  melted  without  exposing  it  to  the  al^ 
moifhfirej  stiU,  on  freezing  it,  there  was  the  disengagement 
of  nitrogito  gas.     Girtanner  gave  an  'extensive  series  of    - 
eiperunents,  affording  similar  results  with  regard  -to  the 
production  of  nitrogen  in  convertmg  water  into  vapdmv 
He  conchided  from  them,  that  nitrogen  is,  like  water,  a 
compound  of  oxygcm  and  hydrog^,  containing  a  sinalkr 
proportion  of  oxygen  than  water  does;  atmoi^heric  ur, 
therefore,  he  supposed  to  be  a  compound  of  oxygm  and 
kydiogen ;  and  the  nitrogen  gas  obtained  from  it-  by-  the 
moal  methods  he  supposed  to  be  formed  by  a  portion-  <^ 
Ae  oxygen  being  abstracted,  and  the  remaining  qdantity 
entering  into  combination  with  the  hydrogen.  ^Priestley 
had  drawn  different  concludons.    Water  he  regarded,  as 
probably  a:smiple  body,  and  the  basis  of  all  elastic  flaids, 
appearing  under  the  form  of  nitrogen,  hydrogen  and  o^ 
tkers,  by  modifications  produced  on  it  by  the  operation  of 
naore  sidbtle  principles  which  we  are  not  able  to  ascertain 
by  weight 
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gvn^^iiid  nitrci^ gas mt^in  the qwtenclf iBIod^n^ 
ifHtr3r:Md  te  be  a  tioipte  subilaace*  .  11»  htedutoHgP/ 
iat^bomfmatf  by  the  ^qpptifiadon  ofgdti«piiPi»halwsapfito»'- 
cd  te  Mfcabliih  &cts  with  f^sgard  to  it  'Whiehi.  f««d^  iUk 
anppotitioQ,  . Amstoiua  lAia  ciHiqK>imd'«£  iiitH)g«a.w 
aiiodier  ebtttic  flliid)  kydni^peD ;  aiidwbai;tBub«x>]D|M9attl 
is^  siibnuilod  to  the  actioa  cf  potaffiinm,.  thf  baw of fotadir 
aided  by  heat,  an  oliytoHcoIanred  anbBtancc  kiobtaiBed^dMr 
antmcmia  dbappears^  and  a  portkm  of  hjdarogcn  is  c^l?*^ 
The  solid  substance,  Mr  Dai^  iRfcaredx  ftom  it»  Son^Bf^- 
tiofi,  aiid  from  the  rosoltft  of  its  anaty^sis,  m  a  <xmxgamdi^ 
the  potasunia  with  the  nitrogen  of  the  aimnonii^.  Hot  a 
Bttle  oxygen  derived,  either  from  m(HBture>  or  petha|)ttea|li^ 
kdng  as  an  element  of  anuaonia^  When  decomposed  bf 
heat,  it  gives  outioitrogeii  with  a  portion  ofhyd]^c^^E^  ted 
a  Qttle  ammonia ;  but  the  most  singular  fact  isy  thwl  in  this 
decomposition  less  mtroges  is  obtained  than  ivlbsl:  iHigihl; 
to  be  given  out  Since,  therefore,  nitrogen  is  not  evc^arad 
in  the  first  experiment,  when  the  ammonia  is  decfunposed- 
by  the  action  of  potassium,  and  since  the  quantity  of  itf 
given  out  in  the  decomposition  of  the  »j|bstanee  formed  b^ 
that  action,  is  not  equal  to  what  ought  to  be  evolved  firovii 
the  quantity  known  to  exist  in  the  compositioQ  o£  amm^ 
niaj  there  is  an  evident  lo^s  of  it ;  and  this  loss  of  l^tirogent 
Mr  Davy  &rther  finds,  is  accompanied  with  a  productioii^ 
both  of  oxygen  and  nitrogen* 

From  these  singular  results,  if  no  source  of  fiiQacy  can 
be  supposed  present,  it  follows,  that  nitrogen  has  somepe*^ 
euliar  relation  both  to  hydrogen  and  oxygen.     The  most 
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obvi0iift  suppositicms  ar^  that  it  may  be  an  oxide  of  lij^ 
dtolllKf  or  that  bothit-axid  hjuliBOftti  may  be  compoiindt 
of  one  elem^tary  matter,  the  base  of  ammonia.  But  we. 
.  have  no  &ct8  from  which  th^  f|UG8tion  can  be  decided ; 
Mr  Dav^s  subsequent  investigations  have  indeed'  rather 
thrown  doubt  on  the  fonper^^OiOjohuupiifl^  as  they  point  out 
some  circumstances  whence  the  loss  of  nitrogen  and  pro- 
^tiPlitiKftijFdrogwi  might  be  ki  psit  accounted  forivti^ib^ 
€mlt  ^i^UKwiiig'th^  nitrogm  to  be  deicottiposed.  Yet-  evai 
tbeio ai«  not  so-vneguivocal  as  to^^  altogeidbier  decifive, 
attdtli^  opposite  Mew,  as  Mr  Davy  ireiharks,  may  stiB*  be 

**  -  'llie  idea  of  the  composkion  bf  nitrog^sn  derives  no  slip- 
ft/tt  Cmbt  the  ongintal  observstioits  from  w4iich  it  "wvaf  ^iH^ 
fetredf  liie^  production  of  it  in  passing  water  throti^  'ig- 
nited  «ardien  triti^,  or  in  the  freezing  of  water  ^''fbr^'Widx 
regotd  to  1^  former,  it  has  been  idiewn  to  arise,  from  liBe 
admifisioii  of  atmospheric  air  frcmi  the  porosity  of  the^tnbe  $ 
aadf  witii  regard  to  the  lal;ter,  Mr  Davy  has  fbund,'tfaat 
when  care  is  taken  to  exclude  tjte'  adtidssion  of  atmoi^eric 
^•air,  the  productioH  of  aerial  n^atter  is  veiy  limited, "^nd 

-  wl^t  does  appear  is  probably  attnOsplieric  air,  and  knere- 
ly  the  small  portion  of  it  hdd  by.-water  in  a  state  of  sohi- 
tion.  The  nature  of  nitrogen,-fhe«i&re,  rttnains  at  prt. 
stBt  wholly  HI  obscotity. 


• 
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For  the  discovery  of  the  composition  of  almoqpherk 
uisif  chemistry  is  indebted  to  Scheele.  The  fiallowing  isthe 
experiment  from  vhich  he  inferred  it :  Halving  put  into  a 
bottle,  capable  of  containing  24  ounce  measures^  four  oun- 
ces of  a  liquor  prepared  by  boiling  a  solution  of  potash  on 
sulphur,  and  having  closed  the  bottle  accurately,  and  in- 
verted it  in  water,  he  allowed  it  to  remain  in  this  situation 
for  two  weeks.  At  the  ei>d  of  that  time,  he  opened  the 
bottle  under  water,  when  a  portion  of  water  immediately 
rushed  in,  shewing  that  part  of  the  air  included  with  the 
liquor  had  been  absorbed,  or  lost  its  elastic  form  :  the 
quantity  which  had  disappeared  amounted  to  six  parts 
nearly  of  the  original  twenty.  The  remaining  air  was 
changed  in  its  qualities,  was  lighter  than  atmospheric  air, 
and  incapable  of  supporting  combustion. 

Scheele  had  previously  discovered  the  existence  and  pro- 
perties of  oxygen  gas,  and  by  this  discovery  he  was  ena- 
bled to  explain  the  nature  of  the  changes  which  the  atmo- 
spheric air  had  undergone.  Since  it  was  diminished  in 
volume,  it  was  obvious  that  a  portion  of  elastic  fluid  had 
been  abstracted  from  it ;  and  since  it  was  also  changed  in 
its  qualities,  and  in  particular  was  no  longer  capable  of 
supporting  combustion,  it  might  be  inferred,  that  it  had 
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sa9  empWyeds  wich  m  the  adion  oC  the  liquor  pnfuni 
firoiff  inlpbur  aad |>ol»ab,  or  sulphur  and  lime  boJIdl.iB 
watery  tbe  sknr  oembustion  of  phospAioruB,  the  detomtjon 
of  thevear  with  hydrogen  gas,  and  the  action  of  nfctie 
oxide  ga09-Hfi|d[]€ations  to  be  n<Kiced^  under  the  hiatcn; 
«f  these  substances. 

The  proportions  of  oxygen  and  nitrogen  in  the  atmoa* 
ph^e  have  been  variously  eatunatedi  from  the  direndtics 
arising  firom  dififerent  eudiometrical  processes.  The  avi»- 
nuge  result  from  those  e9q)eriments  that  can  be  regarded 
as  most  accurate,  is  2L5  of  oxygen  gas  to  78.5  ef  nitroj^ 
fas  by  measure,  or  22.5  to  77.5  by  wei^t 

It  hea  been  su|q90sed,  that  the  compositian  of  atnUMf 
photic  air  varies  at  difibrent  parts  of  the  earth's  suifibce, 
and  also  ai  di£^ent  heights.  The  reverse  of  this,  bonf- 
ever,  has  bem  sufficiently  established,  and,  by  more  recent 
esqperiments,  made  with  every  precaution,  it  has  beeii 
shewn,  duit  air,  in  the  upper  regions  of  the  atmo^here^  is 
Qie  isame  in  composition  with  air  at  the  level  of  the  sea, 
and  ^b&t  there  is  an  equal  unifonnily  in  composition  ia 
ibe  air  of  distant  countries.  It  is  abo  uniform,  accordiag 
to  De  Marti- 8  cscperiments,  in  every  state  of  the  atmos- 
phere with  r^ard  to  temperature,  pressure,  humidity,  t&e 
sisascm  <^  the  iyear,  or  the  hour  of  the  day  or  n%ht 
What  appears  rather  more  singular,  the.  same  experim«Aia 
jprove  what  J^^estley  had  indeed  before  established,  4^ 
the  air  cf  places  the  most  offensive  and  unhealthy,  is  of 
ihe  same  sensiUe  chemical  compositions  as  that  of  situa- 
tions the  most  salubrious  ^  the  air  of  crowded  cities,  or  of 
manufiictories,  being  not  less  pure  than  that  of  the  eoun- 
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ttf^  dm  dekterwif  ageficy,  iber^rc^  i^f  such  air^  de« 
pBOidiiig  not  ontojr  difiereace  ia  comppsitiont  but  on  the 
presence  probably  of  uoiie  subtle  e^vidi  unfavourable  to 
beekk. 

In  the  conqiofiition  of  atmospheric  air^  theie  kn  strik- 
ing iiDgalarity,  -whkAi  requu*es.  to  be  pointed  oix^  Its 
coiuititaent  gaees  are  of  idi&rent  specific  gravitiefi,  and 
dierefi3re»  were  they  not  retained  .in  union  by  a  mutual  at- 
traction, it  might  be  concluded  that  th&^  must  sqiairate  ^ 
die  heavier^  that  is,  the  oxygen»  collecting  towards  the 
sur&ce  of  the  earthy  the  lighter  receding  from  it,  and  oo» 
<xifying  the  upper  region,-*-^  6q)aration  which,  it  appewrg 
irom  the  px«ceding  fitcts,  does  not  take  place;  Yet,  al- 
thoo^  they  remain  united,  there  .are  none  of  the  u»iai 
ladicalionB  of  chemical  uniou^  no  modification  of  prqper- 
tiefl^  and  even  no  change  of  density.  What,  dien«  is  the 
-nature  of  that,  con^itutiou  by  which  they  are  preserved  ia 
41  state  of  equal  and  uniform  difiiision  i 

To  sdxre  thiii  problem,  a  Very  ingeoious  hypothesis  ha^ 
been  advanced  by  Mr  Dalton,  founded  on  the  aasumpticnis 

^tiiat  the  partides  of  mixed  gases  neither  attract  nor  repd, 
but  are  perfectly  indifierent  with  regard  to  each  pther^ 

*  X3id  ^ey  attract,  Mr  Dalton  conceives,  they  must  enter 
into  intimate  combination,  which  would  be  marked  by  a 
change  of  properties*  Did  they  repel  each  other,  they 
must  separate,  and  be  arranged  according  to  their  speci- 

'  £c  gravities.  Either  supposition,  therefore,  he  concludes^ 
Js  ex^duded  by  the  known  constitution  of  the.  atmosphere  ^ 
mid  there  remains  only  the  hypothesis,  that  the  parttcles 

-  ^  the  elastic  fluids  composing  it  neither  attract  nor  xep^t 
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nor  are  indeed  at  all  afiected  by^heir  procsiimty.  On  thiB 
hypothesis,  each  gas  difiiises  itself  from  the  rqHilsiaii  be- 
tween its  own  partidesy  and  there  rest,  upon  the  snifiioe 
of  the  earth,  so  many  colmnns,  as  it  were,  of  these  gases, 
each  supporting  itself  by  its  own  elasticity,  intimatd^ 
blended  with  the  others,  but  altogether  independent  of 
each  other.  And  as  the  difiiision  is. complete,  wedisoo- 
ver,  in  any  given  portion  of  the  mass,  these  gases  in  tfa# 
same  relative  proportion. 

Another  hypothesis  may  be  proposed  on  this  sul^ect, 
resting  perhtqps  on  a  principle  more  probable  a  priori^ 
and  equally  adapted  to  explain  the  constitution  of  atmos- 
pheric air.  The  most  correct  views  of  chemical  affinity 
I^Bid  to  the  principle,  that  all  bodies  have  mutual  attrac- 
tions, and  that  these  are  prevented  from  operating^  so  as 
to  establish  intimate  combination  only  by  the  exertion  of 
external  forces.  In  the  action  of  a  liquid  on  a  solid,  co- 
hesion operates,  counteracting  the  mutual  attraction,  and, 
if  sufficiently  powerful,  preventing  solution.  In  the  action 
of  an  aerial  substance  on  a  solid,  the  cohesion  of  the  one, 
and  the  elasticity  of  the  other,  are  the  obstacles  to  the 
effective  exertion  of  the  attraction  exerted  between  them. 
And  in  the  case  of  two  aeriform  fluids  presented  to  each 
other,  the  same  elasticity  in  each  is  the  cause  counteract- 
ing that  affinity  which  would  unite  their  particles.  But 
in  all  these  cases,  it  is  not  to  be  supposed  that  the  affini- 
ty is  not  exerted:  it  no  doubt  operates  with  a  certain 
force,  the  cij'cumstances  which  act  against  it  only  being  so 
powerful  as  to  prevent  intimate  combination.  The  par- 
ticles of  oxygen  and  nitrogen  gases  are  capable,  under 
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certain  circumstances^  of  exerting  a  strong  attraction,  and 
cnteriiig  into  intimate  c6in)bination.    Under  the  circum- 
atances  in  which  they  are  presented  to  eaeh  other  in  the 
atitiosfphere,  this  attraction  is  not  exerted  so  as  to  over^^ 
oomc  the  elasticity  c^  each,  and  establish  this  combination. 
Bet  iatifl  it  exists,  and-may  so  far  operate  as  to  coonteract 
the  flfight  difference  in  their  specific  ^avity,  and  retain 
them  in  slight  miion.     This  accounts. satisftctorily  for  the* 
phenomena,  and^  in  particular,  reconciles  the  two  facts, 
which  appear  incompatible,  the  uinformi^  of  the  compo- 
sition of  atmospheric  air,  while  it  has  no  properties  diffe- 
rent from  those  of  its  constituent  parts.     The  principle, 
UiOf  m  the  abstract,  is  more  probable  than  that  of  the  op* 
poflile  hypothesis.     The  particles  of  any  individual  gas  re- 
pdl  each  other :  why  therefore  should  the  particles;  of 
mixed  gases  not  estert  a  similar  repulsion  i  It  is  scarcely 
posttliile  to  conceive  any  cause  for  this,  but  the  exertion 
of  a  mutual  attraoticm  not  snfiiciently  powerful  to  over- 
come their  elasticity,  and  bring  them  into  intimate  combi- 
lUition,*but  exerted  at  least  with  such  force,  as  to  counter- 
act their  rqpulsion,  so  as  to  prevent  their  s^pavation. 
•  Besides  the  oxygen   and  nitrogen  which  principally 
compose  tlie  air  of  the  atmiosphere,  there  always  esusts  in 
it  .a  sensible  quantity  of  a  eompound  elastic  fhud,  Carbo- 
luc  Acid  Gas.    This  is  easify  discovered,  by  exposing  to 
the.  atmosf^ere,  substances  which  have  an  attraction  to 
^his  gas,  as  lime  water,  or  an  alkaline  solution ;  they  are 
SOGU  found  to  have  imbibed  a  portion  of  it*    The  propor* 
tion  of  this  gas  to  the  other  gases  composing  the  atmes* 
phere  is  so  small,  that  it  is  not  easy  to  estimate  it  with 
Vol.  I.  S 
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accuracy.  It  has  been  supposed  to -amount  to  a  hundi^edttr 
part     Mr  Dalton  haa  inferred,  from  experiment,  that  it- 
does  not  exceed  a  thousandth  bjr  weight.    As  this  gas  ia- 
produced  in  respiration,  and  in  other  processes  at  the- 
sur&ce  of  the  earth,  the  portion  of  it  contained  in  the  at*  > 
mo^here  has  been  supposed  to  be  derived  from  these 
awuroes.  •  This  i&not  improbable ;  at  the  some  traie,  fitna  the 
'  reciprocal  attraction  which  gases  exert,  it  is  unifonnly 
difiiised}  and  it  appeacs  also  to  be  present  always  in  near- 
ly the  same  proportion,  and  at  the  greatest  hei^^its  at 
which  the  air  has  been  examined. 

Axjueous  vapour  is  another  constituent  part  of  the  at- 
mosphere ;  in  quantity,  however,  very  variable,  and  ob» 
viously  derived  from  the  evaporation  of  water  at  the  sur- 
&ce, — an  operation  dependent  on  temperature  and  other ; 
causes,  and  therefore  not  uniform.  The  temperature  is- 
the  great  cause  by  which  the  quantity  is  varied,  and  hence 
the  proportion  of  watery  vapour  in  the  atmosphere  is> 
much  dependent  on  climate  and  season.  In  the  torrid> 
zone,  Mr  Dalton  remarks,  its  quantity  is  such  as  to  exert 
a  pressure  on  the  sur&oe  of  the  earth  equal  to  from  0.6  to 
an  inch  of  mercury :  in  our  climate  it  is  seldom  equal  to 
a  pressure  of  0.6,  and  in  winter  is-  sometimes  so  low  as* 
0.1.  While  it  preserves  completely  the  elastic  form,  the 
air  through  which  it  lA  diffused  is  perfectly  transparent.r 
When  condensing,  it  communicates  a  degree  of  opacity, 
and,  according  to  the  extent  and  rapidity  of  the  conden-^ 
sation,  gives  rise  to  the  appearances  of  clouds,  dew,  mist, 
and  rain.^ 
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id  ahogeftber  indondasive.  A  litde  watar  is  ptooe4  n^'t&e 
jdT^  the  atr-pwnp^  and  diet  air  ia  exkititfted,.  or  it  is  in^ 
treiduced  into^  :ihe  baroiaeter>  and  of  course  inta  the  mote 
pfiffeel  TorriCoIUaa  vacuum.  But  ia.  either  caae  the  pres* 
sace  of  the  atmosphere  is^  witltdrawn^  along  with  its  die- 
mkal  agency ;  and  although  ia  fiortion  of  water  mayj  ub* 
der  these  oiJrcumstances,  pass  into  Tapour,.  this  is  no  proof 
that  the  asjaie  thing  wiH  hajqien  under  the  usual  atmos- 
pheric pressure.  The  experiraesit  ta  be  condiiiaiYe  must 
be  performed  under  a  pressure  equivalent  to,  tibat  of  the 
atmosphere^  that  is»  equdi  to  a  column  of  mercwry  294 
inches  in  height.     But  the  result  is  then  subvei^sire  of  the 

.    hypothesis  >  £>x  water,  under  that  pressure  in  mcuo^  does 
not  sensiUy  eyaporatev 

It  is  probable,  therefore,  that  the  spontaneous  eyapora^ 
tion  of  water»  exposed  to  the  atmosphere,  depends  j^inci- 
patly  on  the  attraction  exerted  to  it  by  the  elastic  fluids 
vhich  form  atmospheric  air,  and  the  aqueous  Yapour 
existing  in  it  may  be  regarded  as  in  the  same  sfiate  of 
slight  union  vith  the  other  gases  composing  it,  as  they 
are  with  each  other.  The  only  dififcraice  is,  that  they^ 
being  so  far  distant  from  the  point  at  which  they  assume 
the  aerifoflrm  state,  are  not  affected  by  natural  changes  of 

,  t^Gfiperature,  while  these  changes  must  efiect  the  combina- 
tion so  &r  as  it  rdates  to  the  aqueous  vapoiuv 

Another  chemical  question  of  considerable  interest,  but 
stiB  involved  in  difficulty,  relates  to,  the  causes:  by  which 
water  is  precipitated  from  the  atmosphere,  cir  the  theory 
of  rain,  it;  is  obvious,  4hal  it  inay  be  €>ccusionod  .by  ro* 
tjoetiaii  of  teanqperatiire;,.  faui  it  is  noli  eaa)i  always  toitirftce  tiiis^ 
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4oaUse»  and  e^eoially.tp  acooiuit  for  the  dcpoedtion  being 
so  aiddieii  jaui  ropiolisw  Hutton  advanced  tJbc  hypathesfl»y 
^at  the  solvent  power  of  air,  with  regard  to  water,  is  iti'- 
creased  ^y  tempeoi^filtiH'e  in  a  higher  ratio  than  the  increase 
of  tenq)eiiature. itself ;  and  hence,  if  two  portions  of  air,  tft 
differ^it  .tempcivtares,  ane  mingled,  as  they  may  be  in  the 
atmosphere  by  wiiids,  the  whole  quantity,  if  each  has  been 
previously  saturated  with  humidity^  will  be  incapable  of 
retaining  in  solution  ail  the  water  which  the  s^aratc  por'* 
tions  held  dissolved:  a  qiiantity  therefore  w^iU  be  rapidly 
separated,  and  its  particles,  muting  and  meeting  with  re- 
sistance in  their  descent,  will  coalesce  so  as  to  form  rain. 
The  principle  of  this  hypothesis,  however,  is  not  establish- 
ed, and  it  is  even  perhaps  more  probable,  dprioriy  from 
theory,  that  the  solvent  power  should  proceed  in  a  de- 
creasing ratio  with  regard-  to  temperature,  the  increase  cf 
temperature  augmenting  the  elasticity,  which  i.  an  ob- 
irtacle  to  the  combination.  Electricity  has  sometimes  been 
siqf^osed  to  be  concerned  both  in  the  spontaneous  evapo^ 
ration  of  water,  and  in  its  deposition  from  the  atnvo^facre^ 
but  the  fiucts  with  re^mrd  to  this  are  not  weQ  ascertained. 

The  atmosphere,  then,  so  far  as  its  constituent  parts  can 
hR  ascertained  by  chemical  analysis,  consists  of  oxygen, 
ikitrc^en,  carbonic  acid,  and  aqoeous  vnpour  i  the  three 
first  are  in  constant,  the  last  in  ^^^u-iaUe  prqportiont ;  but 
taking  the  mean,  the  foUawing  may  be  given  as  the  rel»- 
Idvc  qiumtitics  of  these  princqxies  : 

]Mitrogidn  gas^  77.5    by  measure,  75.55  by  weight; 

Oxygen  gas,  21.      -■  ■■       28.Sg 

Aqueous  vapour,  1.42  ——*—*-    h03  — 

Carbonic  acid  gas,  .08  m.  .10  - 
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The  properties  of  atmospheric  itir  are  simply  those  of 
its  constitueiit  gas^s^  weakened  by  their  mutual  dilution. 
It  is  invisible)  insipid,  inodorous,  compressible  and  permar 
nently  elastic.  Its  specific  gravity  is  .00122799^-^<the  me- 
dium, as  nearly  as  can  be  estimated,  between  the  specific 
gravities  of  oxygen  and  nitrogen  gases,  in  the  praportions 
in  which  they  are  mixed  in  the  atmosphere.  .- 

Atmospheric  air  supports  combustion,  a  power*  depen- 
dent on  its  oxygen.  From  the  operation  of  the  same 
principle,  it  sustains  animal  life  in  respiration.  The  oc- 
tion  of  the  nitrogen  is  negative  in  both  processes ;  it  serves 
therefore  merely  to  weaken  the  action  of  the  oxygen. 

Water  absorbs  atmospheric  air,  though  in  sparing 
quantity.  The  absorption,  too,  appears  to  be  unequal 
with  regard  to  its  constituent  parts,  more  of  the  oxygen 
being  absorbed  than  of  the  nitrogen.  By  agitation  of  a 
small  portion  of  air  with  a  large  quantity  of  water,  the 
whole  of  Its  oxygen  may  even  be  abstracted,  while  the 
greater  part  of  the  nitrogen  remains  unabsorbed.  Hence 
all  water  exposed  to  the  atmosphere  holds  air,  chiefiy  oxy- 
gen, dissolved,  and  it  is  difiicult  to  expel  thi^  air  from  it 
entirely. 

Atmospheric  air  is,  fix>m  its  chemical  powers,  an  im- 
portant  agent  in  many  chemical  and  natural  processes.  It 
equolbies  temperature  over  the  globe,  and  distributes  wa^ 
ter.  It  sustains  life  in  respiration,  and  is  necessary  in  the 
process  of  vegetation.  And  by  its  chemical  action  it 
slowly  efiects  changes  in  the  greater  number  of  substances 
which  are  exposed  to  it. 

An  interesting  subject,  but  one  extremely  obscure,  re- 
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lotes  to  tlie  natural  processes  by  which  the  purity  and  uni- 
form composition  of  the  atmosphere  are  preserved.  By  re- 
spiration, and  many  otlier  chemical  changes  going  on  at  the 
surface  of  the  earth,  there  is  a  constant  consumption  of  ite 
oxygen,  and,  by  many  of  these  processes,  there  is  also  a 
production  of  carbonic  acid  gas,  by  both  of  which  the 
composition  of  the  air  must  be  altered,  and  its  purity  con- 
ndered  in  relation  to  animal  life  impaired^  Te^  we  do  liot 
find  that  any  sensible  deterioration  takes  place ;  and  indeed 
we  have  proof,  from  its  adaptation  to  the  processes  of  na- 
ture, that  its  composition   must  have  always  been  the 

...  rf 

«aQie.    By  what  causes,  then,  is  this  uniformity  of  compo- 

sitioti  preserved  ?  At  one  time  k  was'imagmed,  tliat  the 
veg^able  kingdom  performed^  this  important  function  5 
gfowing  plants  absorbing,  it  was  supposed,  carbonic  acid 
gas  Ivy  their  leaves,  saad  esdialing  oxygen;gas.  The  two 
tribes  of  animated  beings  thus  stood  opposed  jto  each  other 
in  their  relations  to  the  atmosphere,  and  pre^nted  an  ad- 
misable  view  of  adjustmait  in  the  economy  of  laature; 
Uiere  is,  however,  much  jneason  to  doubt  of  the  facets  on 
ivfaich  this  opinion  rests,  and,  from  more  recent  investiga- 
tions, it  appears  even,  that  except  when  under  the  direct 
action  of  the  rays  of  the  sun,  v^etables,  like:Bliima]s,  con- 
feume  oxygen^and  £otih  carbonic  acid.  There  smstith^-e*' 
fdte  beother  processes  fay  which  the  xJhanges  in  the  iEtt- 
mosphere  are  regulated,  and  its  purity  restored ;— ^uxk 
cesses  prcbably  depending  on  the  relations  which  exist 
i)etweeh  oxygen,  hydrogen,  \and  nitrogen,  and  which  the 
progress  of  the  science  may  .so<xi  unfold.      . 
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CHAP.  IV. 


Qt  mt  CHElif ICAL  AGENCY  OF  0:il(TGEN  IN  ITS  PUItE  FOBXi 
AND  AS  IT  EXISTS  IN  ATMOSPHERIC  AIRj  AND  OF  ITS  GE- 
NERAL CHEMICAL  RELATIONS.  , 

The  attractive  power  of  oxygen  towards  othcfr  bodiei^ 
is  mare  extensive  than  that  of  any  other  chemical  agents 
and  the  history  of  its  combinations  forms  perha^  the 
most  important  part  of  chemical  sciaice,— -^^uol  importance 
which  the  progress  of  discovery  is  only  more  fii%  unfold- 
ing. The  agencies  of  this  element  admit  of  some  general 
observations ;  and  as  they  are  exerled  by  it  both  in  its 
pure  form,  and  as  it  exists  in  atmospheric. air>  I  ciHisider 
these  observations  as  best  placed  after  the  history  of  tte 
atmosphere.  They  form  the  subject  of  the  present  chap- 
ter. 

The  most  general  phenomenon  attending  the  oxnbinth 
tions  of  oxygen,  is  the  evolution  of  heat  and  light*  This 
constitutes  the  operation  of  Combustion  or  Burning,  the 
theory  of  which  is  first  to  be  explained. 

The  phenomena  of  combustion,  and  the  distinction  of 
bodies  into  combustible  or  inflammable,  and  incombustibfe 
or  uninflammable,  are  sufficient]^  familiar.  The  latter,  when 
exposed  to  heat,  have  their  temperature  raised  proportional 
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to  liie  <Atgt0t  of  teat  i4>idied ;  but  Whenthb  is  withdrawn, 
thtt  unperature  falby  atid  they  t«turn  to  their  Ibrmcr 
«taile^--C(>Mbtt€riUe  bcMlies,  on  the  contrary/ when  tuffi- 
tiMify  h^Bt^iI^  'b<^in  of  themselv^  to  emit  heat :  this  k 
ftiB(»'(Giec6mpanied  Widi  an  evototion  of  light)  and  while 
thesis  ifduoigciii  prdCe^)  the  body  ii^i{>ean  to  be  eoAswtoed^ 
t)r  at  kaat  it  is  c$dnT«rted  into  matt^^  which  is  no  khxg^ 
inflstiim&ble.  It  is  ilns  emission  of  heat  and  Ht^i'toid 
apfrtfrent  wanteof  substance,  or  diailge  <^  prop^rtica/Whfeh 
coMtStute  the  process  of  Combustion.* 

Becher  first  endeavoured  to  eiqalaih  these  phenomena 
€11  llvsmieal  principles*  Fire  he  considered  as  tlie  etpect 
of  upMiltasr  principle,  what  he  named  Inflammable  Earth> 
In  ii^  static  of  motion :  this  prindple  he  sujqposed  to  eKi$^  in 
inflammaUe  bodies,  and  when  brought  into  this  state,  to 
cdilbit  the  ph4$nom«i&  of  burning.  Stahl,  without  adopt* 
ing  the  whole  of  this  hypothesis,  supposed  Aat  inflamma* 
blea  omitain  a  common  principle,  die  matter  of  heat  and 
lij^t,  on  whidi  dieir  inflammability  det)eiids  i  that  the  dis* 
engaglement  of  tins  gives  rise  to  the  sensible  phenomena  of 
eoibbostipn,  and'  liiat  to  its  evolution  the  Idss  of  inHam- 
mabiMty  is  owing.  He  farther  ediablished,  in  conformity 
to  tbese  views,  an  important  fitct,  that  inflammalnMty  may 
b*  co^ttH^  to  die  uninflammabie  product,  by  heating  it 
widi  anotheitinflammdMe  siibstan6er*-4i  change  wmdi  ha 
ascribed  to  the  transfer  of  the  ii^annnable  {nrinc^e,  or 
phlogiston^  as  he  named  it,  fixmi  the  one  to  the  other. 

Tins  hypothesis  appearing  to  afford  a  aatisfiu^tory  ek^ 
plaaotknitf  thej^enomena,  was  soon  universally  reoei« 
ved,  alMl,  for  ti>  considerable  period,  no  doubt  was  entei^-? 


282        OF  THE  CHEMICAL  AGENCY 

toined  of  its  truth.  In  franiuig  it,  however;  .St|hl  liad 
not  attended  to  the  influence. of  the.air  in* combnttiiMki 
vehich,  ev^i  before  his  time,. had'  be^  :deinon8trated^  4pd 
tliQ  nutur^of  it  in  some  degree  ascertained,  by  the'  ^stfvAf* 
mxniXi  of  Ma}>>w  and  Boyle.  It  was  tbeisefore  djefeetiY«  in 
not  accounting  for  the  necessity  of  dbe  presence  ^th^  4iir 
to  the;  support  of  that  process.  It  had  fiirther  been  aacer* 
taincd,  that  some  bodies,  instead  of  losings  gain  wdght  in 
buming,-^4i  &ct  inexplicable. on  the  ^j^pcisition  that  com- 
bustion consists  merely  in  the  disengagement  of  ft  princi* 
pie  from  the  bumiiig  body. 

Various  a|;tempts  were  made  to  solve  these  difficuhiei^ 
but  with  little  success;  and  the  discoveries  which  were 
soon  after  made  of  the  cliemical  ^encies  of  the  dastic 
fluids,  proved  still  more  clearly  the  defici^icy  of  the  ori- 
ginal doctrine.  It  wa$  observed,  that  combustion  pro* 
ceeds  more  rapidly  in  oxygen  gas  than  in  atmospheric 
air ;  and  it  was  farther  shewn,  that  when  it  is  carried  on 
in  atmospheric  air,  the  volume  and  weight  of  the  air  are 
diminished,  and  the  residua}  air  is  incapable  of  support- 
ing that  process,-*-changes  which  were  farther  proved  to 
be  owing  to  the  consumption  of  oxygicn.  Hiese  facts  led 
to  different  views.  While  the  gi^atcr  number  of  chemists 
laboured,  to  reconcile  them  with  the  system  of  Stah),  two 
French  chemists,  Bayen  and  Lavoisier,  considered  them  as 
leading  to  the  subversion  of  the  hypothefis.  Bayen  hod 
observed,  that  6x)m  the  calces  of  metak,  as  they  were  na« 
med,  a  large  quantity  cS  dastic  fluid  is  given  out  on  ex- 
posing them  to  heat  with  charcoal,  or  even  wit^  regard  to 
some  of  them  to  heat  i^Pne,  the  flfietol  being  at  tiie  same 
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.suibedv^bs^  13  proved  by  tiie  diniiniitioiirif  «»iiflw«9d.a)i>* 
fitraction  of  isxygen  ^faidb  attend  coiftlqttiikAiigatwi(>^^phi»> 
m:Kur  f  ketoe^  toov  a.  tntttung  body»iivte(i.: canfipfldiao  a 
^MTUori  qiuoititjr  erf  airy  barni  anl^  for  a  iBH&ted-  time^  ]&at 
.iiyiiuitil'tfae  OKjtgen  .prisflciat  is  conuunedt^utefaikB,  ju-ifae 
•attiBf  4C|iRaiitily  10^^  ctiialinvinj/txy  fafam  imiidb 

jotig^r^  the  diininutiKMi  of  voiume'1|M»d0  i0:t)ii8/€aBe  gmBtr 
m*^  and 'vrere  th«  oxy^gen gis  pure,  thexdufle/ of  it  mi^it 
J9e  ifxaitin  the  combaBtioa.  &/fy,  In^esjrcaae  of  (Bfim- 
busliiMi  ^  combustible- body  UKareaacs  in  ivrdght,.  an. Jt»- 
crease  e^al  to  the  itreight  of  the  oxygen  wUch  diaappcars : 
dus  increase  of  wdght  indeed  is  not  alwayis  appareftf )  an 
the  contrary,  it  ofttei appears  tiiat  the  w^^fat  H mndidi- 
mifiished,  or'  even. that  the  body  is  ^tiirely  4x>naii]Kied; 
but  this  is  owing  to  the  product  being  one  existing  in  the 
aeriform  state,  and  tberdbre  not  evident  to  the  sensei:  i^ 
obtained,  hower^T,  aiul  weighed,  it  id  found  to  exceed  the 
-weight  of  the  combustible  bodyj  and  in  every  case  of  :tiiis 
kind,  as  well  as  where  the  product  is  a  concrete  substance, 
and  of  course  more  cafily  weighed  with  accuracy,  the  in- 
crease of  weight  is  found  exactly  equal  to  the  weight  of  the 
oxygen  gas,  which,  during  die  combusiaon,  had  combined 
with  the  combustible  hodj.  Lastly^  the  ooLygen  which  has 
tlisa{^arod  during  the  process  of  combustion,  can  alwap 
be  recovered  from  the  substance  formed  by  the  process :  it 
cannot  always  indeed  be  obtained  in  a  pure  form,  for  die 
affinity  by  which  it  is  retained  combined  with  the  caair 
bustible  body,  is  in  gttneral  too  powerful  to  be  overcome 
by  the  mere  aj^lication  of  heat ;  but  it  can  always  be  pro- 
cured by  exposing  the  substance  formed  by  the  xbmbiis- 
tion  to  the  action  of  another  inflammable  body,  having  a 
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4txevsg€X  aUractkm  tb  oxygen ;  the  dsygen  is  tranfenred 
fioom  the  fermer :  to  due  latter^  and  the  siibstance  which  Ve 
iaxow  to  be  ftynhed  ^m  that  substance  comfaiaed  with 
oxygen  is  obtained  ;  the  quantity  of  this  new  product 
iudicatiog  the  quantify  of  oxygcoi  transferred,  and  this  al- 
ways cod^e^ndii^  with  the  qutotity  which  had  original- 
]jr  been  consumed  in  the  combuadon.  AU  these  &cts  have 
heon  ascertained  by  experiments  of  great  accuracy,  and 
iksy  eatafalash  the  conduaon,  that  combustion  consists  in 
dbe  eombinaliion  dfoxygen  with  comfaustibk  bodies :  These 
bodies  are  sdbstancca  having  an  attraction  to  oxygen: 
And  the  products  of  combustion  are  compounds  of  them 
with  this  priniBple. 

This  Qombinatioa',  like  other  oases  of  ch^oucal  action^ 
m  influenced  by.  temperature:  in  general,  heat  requires 
tofaeai^plkd  to  cause  it  to  commence,  the  evolution  of 
eakuric  firom  the  combination  itself  being  dien  sufficient 
ta  enable  it  \  to  proceed.  The  heat  operates  by  dim>- 
nishing  the  cohesion  of  the  combustible  body  which  oppo- 
ses the-  cooKihination,  and-  the  d^^ree  of  it  will  be  r^ulated 
fay  ihe  £iDce  of  that  cohesioii,  and  the  strength  of  the  a£* 
fliiit^  between  (ihe  oxygen  and  the  combustible  matter. 

Einom  the  ];irinQip]e  thus  established,  it  remains  to  ex- 
{dain  the  phenoiuGiia  which  attend  combustion,*— the  evo- 
btiim  of  pdocic^  and  of  light. 

Willi  r^ard  to  the  origin  of  the  heat  in  burning,  the 
ptqanlar  notion  sppeara  at  first  view  inoontrovert]U%— -that 
it  is  derived  fnnn  tJie  burning  body;  It  is  more  or  kas 
hotf.no  other  agppt. appears  to  tie  eondemed  ;  snd  it  ap* 
pears  nearly  a  self-evident  conclusion,  that  the  body,  thm 
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iemperatore  of  whidi  is  thus  devttted,  is  the  sditrce  of  tli» 
caloric  by  which  the  elevation  is  prodaoed.  It  is  accordU 
infjty  the  conchision  which  was  received  iA  the  earlier  hy^ 
podieses  of  Becher  and  Stahl. 

The  discovery  of  the  influence  of  die  airincombustioni 
at  once  invalidates  the  a{^>arent  strictness  of  the  reasoning 
whence  thk  conchision  was  drawn  ^  for^  when  it  is  disco^:* 
vered  that  comlmstion  is  not  merefy  an  afbction  of  the 
combostibk  body,  but  is  the  result  of  its  combination  with 
a  portion  of  the  air  around,  it  is  obvious,  that  the  heat 
may,  with  as  mudi  probabili^,  d  priori^  be  si^posed  to  be 
derived  from  the  one  as  from  the  other.  Whether  it  pro^ 
ceed  from  the  combustible  matter,  or  from  the  oxygen  gas, 
it  must  be  evolved  at  the  sur&ce  where  the  combination 
proceeds,  that  is,  at  the  surface  of  the  burning  body  :'it  is 
apparent  to  the  senses,  while  the  gas  being  invisible  escaipeB 
observation ;  but  stUl  the  caloric  given  out  by  the  gas,  and 
communicated  to  the  substance  in. the  act  of  combustion, 
may  be  the  cause  of  its  elevation  of  temperature. 
•  When  it  was  farther  ascertained,  as  was  done  by  the 
discovery  of  Black,  that  aeriform  substances  contain  a 
large  quantity  of  caloric  peculiar  to  their  aeriform  state,  it 
became  even  the  more  probable  opinion,  that  the  caloric 
evolved  in  combustion  is  derived  from  the  oxygen  gasy 
which  in  that  process  generalljr  passes  into  a  more  dense^ 
and  often  indeed  into  a  concrete  form.  This  accordii^fy 
appears  to  have  been  the  first  modification  of  this  opinion 
that  was  proposed,  the  heat  produced  being  supposed  to 
be  the  latent  caloric  peculiar  to  the  oa^^n  in  its  aerial 
&rm« 
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^  Anotber  view  of  the  Bubject,  or  perhaps  rather  a  ^di£^; 
feriBn^inode  of  expressmg  it,  was  likefwise  proposed  by  La*, 
voisier.  He  regarded  caloric  as  existiiig  in.  bodies,  and 
especially  in  those  in  the  aerifi^rm  state,  in  a  state  df  cfae'- 
mical  combination^  and  supposed  it  to  be  disengaged  in 
oosnbiistioa  firom  the  oxygen  gas^  in  consequence  of  the 
superior  affinity  of  the  combustible  body  to  oxygen. 

Crawford  gare  the  explanation  mider  a  form  lesa  hypo, 
thetical,    and  more  directly  inferred. firom  experiment* 
The  general  fact  had  been  demonstrated,  that  different 
bodies  at  the  same  temperature  contain  different  quanti-^ 
ties  of  cakiric,-^a  fact  expressed  l^  saying,  that  they  have 
diffiarent  ci^xacities  for  heat.    Irvine  had  £uther  shewn, 
that  the  eapaei^  for  heat  is  often  changed  by  chemicat 
combination*    It  occurred  to  Crawford,  that  this  might 
hqqpen  during  combustion,  and,  if  it  did,  might  give  rise 
t6  the  evolution  of  heat  which  attends  the  process ;  for,  if 
tlie  .capacity  be  diminished,,  in  other  words  if  the  capadU 
ty  of  the  compound  resulting  firom  any  combination  be* 
less  than  the  mean  of  the  capacities  of  its  constituent  parts, 
a  portion  of  caloric  must  be  rendered  sensible,  or  produce 
an  "dflivation  of  temperature.    This  led  to  an  extensive 
ei^perimental  investigation,  whence  were  establislied  the' 
gemoal  fiu^,  that  the  capacity  of  oei^gen  gas  for  caloric- 
is  uncommonly  great,  that  the  capacities  of  combustible 
bodieaare  comparatively  small,  and  th|it*the  capacities  of 
the  sahsrtances  formed  fay  combustion, .  though  superior  to^ 
those  of  oombustiUe  bodies  themsdhres,  are  inferior  to  the 
Biean  of  these  and  of  oxygen  gas.     Hence  an  elevation  of 
temperature  must  attend  the  combination,  and  the  caloric 
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producing  this  must  be  ilmred  &om  the  os^gen  gu^  hot 
from  the  0(»iibti8tiUe  matter.  In  differeiit  bo£«t,  the 
difference  in  the  profibrlion  between  the  taipncteie8.hBfip>e 
and  after  ccHubustiott  are  diffsrenty  and  heneoe.  the  qomi* 
titiea  of  eakoic  evohned  are  extremdlj  vaiiMB. 

It  is  not  difficult  to  determine  which  of  these  fflqptoiip 
tions  is  to  be  preferted.  Crawfinrd^ft  itnrolveb  no  hjpodie* 
sit;  aiidif  the  experintents  by  whidi  the  capacities  are  de» 
tarmined  be  eorrect^  or  e^en  be  approximationa  to  accn- 
racy,  it  is  simply  what  every  philosophical  tbeovy  ought 
to  be,  the  expression  o£  general  £at^  Nor  is  there  «By 
reason  id  call  in  question  the  general  accttfaqjr  of  the  eas- 
periments,  though,  from  the  difficult)?  of  the  invtait^aim, 
they  may  be  iuTolved  in  some  errors^  a£feeting  hot  the 
principle^but  merely  the  ^stimationof  the  quantitica  o£ce-' 
loric  evolved. 

The  origin. of  the  light  in  combustion  ie  of  taote  diffi- 
cult explanation ;  at  kaat  we  can  have  still  less  oertaantf 
of  the  justness  of  any  opinion  with,  regard  to  it.  Ijy- 
voisier  had  supposed  it  to  be  derived  *from  the  ooK^gen 
gas,  but  without  any  conclusive  evidence ;  for  it  is  obfiotis, 
that  the  admission  of  the  fact,  that  the  caleric  it  evehred 
from  this  gas,  is  no  proof  that  the  liglit  has  tbe'^saqie 
source;  at  least  without  tlie  assumption  sufficient^  iinpi^ 
bable,  that  tliese  two  principles  aro  tlie  same. 

We  have  perhaps  no  very  decisive  evidence,  tiiait^idie 
light  is  derived  &om  the  combustible  body ;  stiB  thenaflr^ 
soQie  facts  which  appear  to  sencier  this  rather  the  morb 
probable  opinion.     Thus,   light  is  often  evohred,  when 
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ttygdi  is  transferred  fircmi  one  iirflammabie  to  another^ 
and  as  the  oxygen  in  its  first  combination  has  parted  with 
it|  lights .  if  it  contf^jned  any,  the  light  evolved  in  the  se- 
cond oombinatioii  most  be  supposed  to  be  doived  fit>m 
the  inflammable  body.  Another  ^axtf  still  more  condu* 
me,  hj  that  an  evolution  of  H^t  attends  liie  combination  . 
of  infiammaUe  substances  witb  each  other,  of  which  we 
have  a  striking  example  in  the  combination  .of  sulphur 
twth  metak.  This  proves  diat  light  is  a  principle  existing 
ia  these  bodies,  and  as  we  have  no  miilar  proof  <^  its  ex- 
ist^ce  in.  oxyg^i  gas,  it  follows  as  the  more  probable 
eonohision,  that  the  light  evolved  in  the  conil^ustion  of 
these  substances  is  that  which  they  are  thus  proved  to 
contain*  At  the  same  ;dmey  it  is  to  be  remarked,  that 
irith  rq^asd  to^nnciples  so  «ibtle,  our  condusioiis  must 
in  the  present  state  of  chei^aistry  be  somewhat  uncertain^ 
sad.  the  production  of  intense  light  by  galy^gi^iiara,  without 
ofur  being  able  distinctly  to  assign  its  origin,  proves  suffi-  . 
Giently  that  we  ^re  imperfectly  acquainted  with  the  chemi* 
cal  relations  of  this  power* 

.Very  different  quantities  of  light  are  given  out  by  dif- 
ferent .combustible  bodies  inhuming;  in  general,  ^e  il- 
liunmation  is  greatest  &om  thqse  which  are  in  the  state  of 
Vi^iour  while  burning ;.  at  the  same  time,  this  is  not  strict- 
ly necessary,  some  substances  which  remain  fi^^ed,  as 
phoqihorus  or  iron,  giving  very  in^^ise  hgfat.  The  consti-  : 
tution  of  the. li^t -emitted  with  r^;ard  to  the  different  co- 
loured rays,  is  also  different  in  different  bodies,  some  in 
bimiing  giving  white,  others  differently  coloured  light. 
13iis  appears  to  be  very  much  connected  ¥rith  the  tenif "^ 

yjah.1.  T 


!29Q  OF  THE  CH£MICAL  AGENCY 

paratmv  vrhiA  accoBopanics  die  comhnitioii^  HmMT' 
\dhich  bum  with  a  low  heat,  aa  su^ar  or  ardcjut  npint^ 
in  general  emijl  the  Uue  or  purple  la^M  most  oapkonsify  ; 
those  which  barnixig  produce  a  greater  elevation  of  tem- 
peiratiiTO,  aa  cbaroea),  give  the  vad  raja }  and  idiere  ,the 
tempaiatuxe  is  high»  and  the  comhwitirm  impi^  ^  the 
r^jEs  are  exutted  so  aa  to  coMtkiite  white  h^bt 

Beaidea  tljie  simple  caae  of  the  combination  ef  oxygen 
in  the  elastic  Soma,  with  bodies,  which  oonstitotea  comhusp 
tioiXf  there  ajre  others,  rather  more  coia^Iioated,  in  whidbf 
after  having  been  combined  with  one  body,  it  is  taaaa&i^ 
red  from  it  to  another. 

Of  this,  the  operation  of  PeAagraticMi  is  an  exampkw 
When  an  inftnaunable  substance  is  mixed  with  nitre,  on 
kindling  the  miKtuse,  a  very  sapid  combustion,  attended 
with  the  (jtsengpgemffn^  of  mnck  heat  and  light,  takta 
pkce^  and  this  ahogether  independent  of  any  action  of 
the  air.  The  theory,  of  the  operaticHi  is,  that  in  nitre 
there  exists  a  large  quantity  of  oxygen  in  a  concrete  form, 
this  salt  consisting  of  nitric  acid  and  potash,  and  this  add 
being  composed  of  oxygen  and  nkrogen.  These  are  not 
retained  in  union  by  a  strong  attraction ;  hence,  when  ex** 
posed  to  heat  they  separate,  and,  in  deflagration,  the  oxy- 
gen being  presented  to  the  inflammable  substance,  com* 
bines  with  it  rapidly,  and  causes  it  to  bum.  The  nitro- 
gen gas  assumes  the  elastic  form,  mixed  frequently  with 
aa  aeri&rm  product  from  the  combustion.  There  is 
some  difficulty  in  accounting  for  the  high  temperature 
plvoduced  by  deflagration.  Oxygen  existing  in  the  elastic 
form  has  a  large  capacity  for  caloric,  and  suffering  a  di- 
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mihiitimt  of  caj^adty  in  tfie  combiMtions  inta  vMch  it 

^fitersy  the  temper^^tori^  nrast  be  dieriated.    But  eociiitibg 

in  nitre  in  h  concrete  iKtate^  it  is-  notto  be  pifnlmM  that 

its  capacity  will  be  equally  great.  In  passing  therefore  into' 

a  h^ew  atate  of  combinatioik',  tbere  cannot  be  a'  diminnfion 

of  capacity  to  the  same  extent,  and  hence  there  mast  be 

leas  caloric^  etohred;    In  some  cas^  eTeii  of  deftagrati6n» 

the  oompoond  winch  the  oxygen  forias  with  the  combus-' 

tiUe  body  Exists  in  the  deriform  state,  and  reasoning  from: 

analogy^  it  must  require  more  caloric  to  producci  in  it  a 

j^ven  temperature  than  the  nitre  itself. 

.  Ilns  difiicuhy  perhaps  cannot  be  entirely  removed* .  It 

maybe  remarked,  however,  what  so  &r  lessens  it,  that 

the  consumption  <rf  a  given  quantity  of  oxygen  fay  defla^ 

gration,  renders  less  caloric  sensiUe  thanthe  oohsumptioh 

of  tike  same  qnandty  by  combustion  :  thus,  LavcMsier  as^ 

curtained,  that  in  the  deflagration  of  ch&rcoal  with  nitre, 

the  heat  Solved  meked  29  j.  libs  of  ice,  1  lib.  of  oxyg«n 

beingt  ioonsumed ;  whHe  in  the  coniimliption  of  the  samir 

qDjontity  of  oxygen  in  diecomxtKm  combusticm  of  char* 

coali  the  quantity  evolved  melted  37j-  libs.    It  is  also 

to  be  observed,  that  when  oxygen  combined  with  nitro^ 

gen^  to  form  nitric  add,  little  caloric  is  set  free;  ahd 

9gEaAi  ^en  this  acid  combinea  with  potash  to  form  mtre, 

diere  la  litde  disengagement  of  heat   We  thus  trace  the 

lai^  ^^antity  of  caloric  in  oxygen  gas  along  with  it  into 

the  sofid^  salt,  and  haice  may  expect  it  to  be  evolved, 

when  the  cesygea  ir  tnulsfisred  to  iin  inflanmiaUcJ  sub-' 

ttmcew'    The  only  difficuUy  is,  whether  the  large  quantity 

f>f  caloric,  which  would  thus  appear  to  be  contain^  in  nU 

T2 
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tre,  can  be  proved  to  exist  in  it  from  its  known  capadtyt- 
which  according  to  this  view  ou^t  to  be  great }  and  with 
regard  to  tfaft,  we  Have  as  yet  no  experiments  that  can  be 
considered  -as  decisive. 

The  origin  of  the  light  in  deflagration,  must  be  th«f 
same  as  that  in  combustion. 

From  the  sudden  and  rapid  extrication  of  aeriform  mat^ 
ter,  which  attends  deflagration^  a  high  elastic  power  isexert* 
ed»  especially  as  the  elasticity  of  this  is  so  much  increased 
by  the  high  temperature.  This  elastic  power  is  of  course' 
greatest  when,  with  the  gaseous  matter,  from  the  decdlnpo- 
sition  of  the  acid  of  the  nitre,  there  is  an  aeriform  product 
from  the  combination  of  the  oxygen  with  the  inflammable. 
This  happens  in  the  deflagration  of  charcoal  and  of  sul- 
phur,  and  to  this  the  expansive  power  of  gun-powder, 
which  consists  of  these  ingredients  with  nitre,  is  owing. 
In  some  cases,  the  quantity  of  elastic  product  is  so  great, 
and  the  elasticity  of  it  so  much  augmented  by  the  caloric 
suddenly  disengaged,  that  the  mere  resistance  of  the  at- 
mosphere gives  rise  to  a  loud  noise.  This  forms  what  is 
named  Detonation.  It  is*not  only  produced  by  heat,  but, 
with  regard  to  some  substances,  by  friction,  or  percussion. 

The  last  general  case  of  the  combinations  of  oxygen  to 
be  noticed,  is  that  where  it  is  transferred  from  one  body 
to  another,  without  being  accompanied  by  the  phenomena 
of  combustion.  Thus  the  acids  contain  oxygen.  In  act- 
ing on  an  inflammable  substance  or  a  metal,  they  often 
yield  this  oxygen.  Water,  which  is  a  compound  of  oxy- 
gen, sometimes  aflbrds  it  to  other  bodies;  and  the  pre- 
sence of  an  acid  often  favours  this,  or  causes  the  water 
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to  be- more  easily  decomposed.  In  such  cases,  there  is  no 
great  elevation  of  temperature,  partly  because  the  oxygen 
existing  in  these  compounds  has  been  deprived  of  the  ca« 
brie  peculiar  to  it  in  the  aerial  form,  and  partly  as  the  sub- 
stance evolved  from  the  decomposition  of  the  acid  or  the 
water,  and  which  is  usually  gaseous,  absorbs  much  of  the 
caloric  that  would  otherwise  be  rendered  sensible.  Nei- 
ther is  there  in  general  'any  evolution  of  light :  if  evolved 
it  is  either  not  sensible  from  the  slowness  of  the  process^ 
or  else  it  passes  into  combination  with  the  base  with 
i?hidi  the  oxygen  had  been  combined. 
'  The  combination  of  oxygen  with  a  body,  whatever  may 
be  the  phenomena  attending  it,  is  named  in  genersQ  its 
Oxidation  or  Oxygenation,  or,  according  to  the  nomen- 
clature proposed  by  Mr  Chenevix,  Oxidizement  or  Oxy- 
genizemeht.  .  The  result  of  it  is,  the  formatioif  of  com- 
pounds which  possess  some  common  properties,  and  agree 
to  a  certain  extent  in  the  chemical  agencies  they  ifexert. 
Hence  they  admit  of  some  general  observations. 

Of  these  compounds  some  have  a  sour  taste,  are  capa^- 
ble  of  reddening  the  vegetable  colours,  and  of  combining 
with  (he  alkalis,  so«s  to  neutralize  the  alkaline  properties. 
A  substance  possessed  of  these  properties  is  named  in 
chemical  language  an  Acid.  There  are  a  number  of 
Adds,  and  these  in  general,  so  far  as  they  have  been  ana- 
lyzed, contain  oxygen.  Hence  this  element  is  considered 
as  the  principle  of  acidity,  from  which  indeed  its  name  is 
derived.  \ 

Addily,  however,  is  not  the  invariable  resuh  of  the 
combination  of  os^gen*    The  products  of  these  combina^ 
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jtipoi  ire  qfys^  4^9titute  of.  my  acid  properly*  Ifc.ii  dm- 
venient  to  have  » t^rm  to  denote  tlw  dsm  of  covqKywidif 
and  ii)i  the  modem  nomenclatae  tbey  are  de»oiouuitcd 
Oxj]>s;ig). 

Qaddes  and  Ax^ids^.tbent  ane  tvro.  orders  of  conqmundsy 
finder  wlucb  ar&  arranged  all  those  substauGes  that  xeailt 
from  tha  Gombinalion  of  oxygen  with  other  bcdiat.  Adds 
are  distinguiahed  by  the  possession  of  certain  oonunon  pn> 
perties  just  now  eQiun^*ated.  Chddes  have  scarisdy  any 
i:ommpn  qualities  by  which  tbey  are  distinguidiedi  the 
distinction  being  rather  negative^  or  denoting  that,  the 
compound  has  po  acid  power.  The  alkalis  and  earths  are 
now  to  be  r^arded  as  oxides,  and  the  most  distingQiahing 
property  conimon  to  themi  and  likewise  to  all  the  metalr 
lie  oxides^  is  that  of  neutralizing  the  properties  of  adds. 
But  there  are  Ukewise  oxides  to  which  this  property  doe^ 
not  belong.  The  word  oxidation  or  oxidizement  is  used| 
in  strict  propriety,  to  denote  that  combination  of  oxyg^ 
where  the  resulting  compound  is  not  an  acid,  but  on  oxide. 
Oxygenation  or  oxygenizement  is  a  more  gaieral  term, 
expressing  every  combination  of  oxygen. 

Many. substances  are  capable  only  of  oxidizemenL  Thus 
the  greater  number  of  the  metals  are  capable  of  combining 
Wtb  oxygen.  These  compounds  are  generally  oxides ; 
nor,  with  the  exception  of  two  or  three  metals>  by  any  ad* 
dition  of  oxygen,  can  tbey  be  made  to  acquire  any  acid 
property.  Hydrogen  unites  with  oxygen  only  in  one 
proportion,  and  forms  water,  which  is  not  acid. 

There  are  other  inflammable  substaneesr,  ag^n,  which 
are  c^^able  of  combining  with  oxygen,  forming  in  one  pro* 


portion  an  OKick,  and  in  anothet  an  acid.  In  general,  the 
first  degree  of  oxygenizement  forms  an  6xide,  and  this  hy 
combining  with  a  larger  proportion  of  oxygen  forms  an 
acid.  Thus  nitrogen,  united  with  nearly  two  parts  of 
oxygen,  forms  a  substance,  whieh  having  no  add  pro* 
perty^  is  an  oxide  of  nitrogen,  while,  imited  with  four 
parts  of  o^gen^  it  fonttft  m  Acid  &3tSpMkd.  The  case  is 
the  same  with  a  number  of  other  bodies.  Again,  there  are 
mam  whidi  appear  to  form  mcUk  4f9%n  itt  A^  flm  sti^  df 
osygefdctment  $  at  least  dieir  exiniente  in  Ae  Mate  of 
oxide  k  doubtfiiL  Bui^  in«!i:ith0ie  iMb$tatites%liieh,  by 
coirtbhiirig  with  ox^'gen  iki  dtfbriiit  prop^iiM%  puMtliefe 
boA  aoEidte  and  adds,  die  cndde  te  kiv^riaMy  the  p»t>diM 
of  tihe  first  stage  of  4M$ygfSlcAzMmU  ^^^  ^^  ^d  r^Mfta 
finin  die  addition  of  a  ht>g^Y  pnypmim  lot  ^b/HEj^gm.  IH 
acnaa  caaes,  the  sam^  suhstakidfe  iob  is  suietj^tfttd  et^Wkf^ 
tait  degrees  of  oxygenizement,  so  as  to  form  two  adda  JMfr 
fttait  in  ihcir  pfoperties  fiknn  «ftdh  ^id^Ti  thi^  c^e^  firom 
die  laiger  ffcfpottkm  of  Q^yg«f»  betii^  Ustt^  die  iH^ 
mnerpiAc  in  its  action. 

Mr  Davy  has  latefyaidttlfiiMI&^fmpdii^^  tiftatlMiSI^ 
ii  anodier  principle  prodftctft^  ttkis^^i^e  ^  it^l^Oj^  tauteh- 
entftom  oKygen,^^--Mdpbi)dn  w'liiidi  wffib^ddlfi^^ 
der  di«  jjfmkwA  oUnm^mii  itKMiMt&tf  ib  M  ia*tai^ 
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OF  WATES  AND  ITS  BASE. 

f 

If  any  ponderable  substance  can,  from  general  reasonb 
ing  with  regard  to  its  powers,  be  considered  as  an  de- 
menty  water  may  perhaps  best  claim  this  distinction.  It 
is  the  substance  which  exists  in  largest  quahtiiy  in  nature^ 
^nd  we  can  trace  its  agency  in  almost  all  the  transmutsr 
tions  to  which  matter,  is  subject.  Hence,  in  nearly  eveiy 
ffystem,  both  of  ancient  and  modem  philosophy,  the  ele- 
mentary nature  of  water  has  been  admitted  as  a  leadiptg 
principle. 

The  more  rigorous  researches  of  Modem  Chemistry 
have  been  supposed,-  however,  to  establish  its  composi- 
tion. It  was  observed,  that  in  the  combustion  of  a  pecur 
liar  spedes  of  inflammable  elastic  fluid.  Hydrogen  Gas  as 
it  is  now  named,  water  is  the  only  sensible  product ;  and 
that  the  quantity  of  it  which  appears  is  equal  to  the  quan- 
tity of  this  inflammable  gas,  and  of  the  oxygen  gas  which 
are  consumed  in  the  combustion.  And  again,  when  sub- 
stances having  a  strong  attraction  to  oxygen  are  made  to 
operate  on  water,  they  are  foqnd  to  have  received  this 
principle ;  a  portion  of  the  water  disappears,  and  hydrogen 
gas  is  produced.  It  appeared  to  follow  from  these  facts, 
in  conformity  to  the  principles  which  regulate  chemical  in- 
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iduttioii)  that  water  is  a  compound  cxf  Aeae'two  gases. 
Th]«  oondutian  was  accordingly  received  without  reserve. 
Some  doubts  have  lately  been  suggested  with  r^ard  tbil^ 
bat  until  these,  are  supported  on  better  evidenco^  water 
mesy  be  rq^arded  as  a  conipouiidy  and  hydro^gen  as  its 
iuse.^ 
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Htdrogbh  iexists  when  nncombined.ki .tlie  mma^tona. 
Being  disengaged  in  various  conunpn- chemical. piooesses^ 
and  from  its  property  of  inflammability  being  more  easily 
-feoagnisedihan  the  other  elastic  fluidsy^  it  was  imperfectly 
Jmown  to  the  older  diemistSk  Cavendish  first  dearly  de- 
monstrated its  distinct  existence  and  diaracteristic  qua£i» 
tiesp  under  the  name  of  Tnflammahle  Air.  -It  has  received 
the  denomination  of  Hydrogen  bom  being  regarded  as  the 
faaseofwater.  .     .•    -ml 

It  is  always  obtained  from  water^  subjected  to  the  action 
of  substances,  which  attract  oxygen.  Thus^  if  watery  va* 
pour  be  passed  over  iron  at  a  red  heat,  hydrogen  gas  ia 
procured^  and  the  iron  becomes  oxidated.  Uthe  resuking 
-a£Bnity  of  an  apid  be  introduced,  its  production  is  more 
rapid,  and  takcsiB  plate  at  a  natural  temperature.  ?  ISiis  isr 
die  process^  therefore^  tha(  isgenemlly.fioOowed.  One  part 
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of  iitmorziiic  m  fragmoUs^  is  piitinto4botlb'lrillia 
tube  adqited  to  it»  and  two  perts  of  wJpharic  maAf  ilihtici 
tmlfafitetimciHBirci^  of  water,  aMpwii^  li^- 

drogen  gat  IB  rapklty  disengaged.  Tht  agency  of  ite  Mid 
in  promatiiig  the  dtooinpositkm  is  somewtot  ^bacwic,  btti, 
so  &r  as  any  explanation  can  be  given,  it  may  be  disssd 
as  an  example  of  what  Berthollet  names  Resulting  Affini- 
ty ;  the  acid,  the  metal,  and  the  oxygen  of  the  water,  ex- 
erting mutual  forces  of  attraction,  whidi  prevail  over  the 
single  attraction  of  the  oxygen  to  the  hydrogen :  hence  die 
three  former  combine,  while  the  last  being  separated  from 
itstx>mbination  with  the  oxygen,  assumes  the  elastic  fonn. 

Hydrogen  gas  is  the  lightest  of  oil  the  elastic  fluids,  and 
the  lightest  substance  therefore  whose  gravity  we  can  as* 
csrtaitL  In  its  usual  state^  when  ooUdcted  over  wattt,  it 
js  about  10  times  li^^bter  than  atoioipheric  air.  'Wheb 
fireed  as  much  as  possible  from  the  water  it  hokb  diftaal* 
red,  k  is  nearly  13  tin^s  lighter,  or  the  specific  ffnerky  of 
water  bong  1000,  diat  of  pure  hydrogen  is  84.  It  isfitsii 
4]us  levity  that  it  is  employed  in  the  construction  of  bal- 
loons. When  free  from  water  it  is  inodorous,  but  when 
humid  it  has  a  slight  smell. 

Inflammability  is  the  property  which,  next  to  its  great 
rarity,  eminoitly  dktinguishos  hydrogeni.  It  kindles  on 
the  approach  of  an  ignited  body  when  in  contact  with  flie 
air ;  if  previoudy  mixed  with  twice  its  volume  c£  atmoi* 
spiitnc  air,  it  explodes  when  kindled  $  with  oxygen  gas  its 
aaqdosion  is  still  more  violent  Water  is  the  only  aensiUe 
prednct  of  its  combustion.  a 

From  this  inflammability  hydrogen  gas  has  been  sp- 


fa^pg  lAbrodiioed  isto  the.  tiibei:  IFigv  iSS*.  vddb  a  mmmted 
^ifMftY  of  did  air  Sttfajniitted  In  trid  itndjtiilliiiird  hir  tiw 
dflOboeqMtk.  Tbe  diinymitiQA.cf.tD]^^  indioifli  liift 
^pwtilgr  oioxyg^ihal  had  fanaHODiitaiiyedift  tfaaraai^.100 
measures  of  oxygen  combining  wkb  Mtber  iaM  tlBaa.;0M 
joaaaarfisofJiTdrQgen.  JiMo^f  6&  m^JamuceB^k^ixdig^ 
ffm  aicpladed  with  IQO^of  nrnMW|^eric»  iaure  ajreiidual:f^ 
a^pial  to  100  ii«9o«qm»  the/^i;  of  coygtainlh^ 
aiv  haiiiiig  Qcmibisiad  irk^  Sjd  of  hydrc^pen^  illioii^aaft- 
diomatrictl  method  of  aufiiciaiit  ddicaqy  from  the  great 
mdnrtiion  of  vohuae^  it  is  rather  tronhlesomfr  in  tin  eataH 
iaitioii»  and  inmre  siaoq[^  methods  are  therefane.  genarailjr 
IttefioEred*    . 

Hydrogen  gas  proves  fatal  to  animal  life,  when  reBpusedf 
a|ipawnitiiy»  howevei::^ .  not  by  any.  positively  deletaiious 
imnNTf  but  merely  by  excluding  oxygm:  h^ice.it  can-be 
bfeathpd  for  a  few  inqpiratkms  ;\and  when  dUuted  with  « 
-^orliaa of  atmospheric  au:»  can  he. breathed  famgsr  widi 
eafiai^.  Jt  does  ool»  like  some  of  the  other  cb8tici.fliiid% 
lirove  noidous  to  vc^getabie  life ;  scnne  planta  even  siMtoih 
Ui  and  there  are  observations  which  appear  to  prove,: 
i|xaii>  to  a  certain  extents  suf^y  the  plao&.of  light ii 
feirting  vegetation*.  :     ^  u^ 

Nydrog^si  gni  is  not  sensibly  absorbed,  by  water,  attkatf^ 
nnlesa  the  water  haa  been  previously  freed  from  the 
qpbodc.air  it  holds  disacdved ;  100  cubic  inches  o£i 
take  iqp»  i^cordlog  to  Henry's  experiments,  L5  e£i^lki 
gas ;  by  tippfyvag  stnong  pressure^  the.water  may  fae^nade 

of  its  volume..  ..  .  ^':  ^ 
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:  Hydttogen  enters  into  chemical 
iaufaitaiices,  piincipally  with  thoee  that  are  inflammable,  ai 
snJ^ur,  phoiphonis  and  carbon  $  it^Jso  diflsolyea  aomeqf 
the  metals*  With  oxygen  it  forms  waiser,  mih  nitrogoi 
ammonia;  and  it  is  an  jJtnuidant  ingredient  in  the  Tege* 
tsible  and  animal  products. 

-•■  It  is  disengaged  by  some  natural  processes  thoil^  no^ 
pure.  ^Thusj  holding  carbon  dii^solTed,  it  rises  somer 
times  from  stagnant  water  in  which  regetable  matter  is  di& 
fused ;  and  in  a  similar  state  of  composition  it  is  collected 
in  mines,  forming  what  has  been  named  Fire  Damp.  H 
has  been  supposed,  that  from  its  levity  it  may  be  accumu- 
lated in  the  upper  regions  of  the  atmoqihere^  and  that 
some  of  the  phenomena  of  meteorology  may  be  connected 
with  its  action. 

The  recent  discoveries  in  chemistry  have  suggested 
'soma  interesting  speculations  with  regard  to  the  nature  of 
hydrogen,— -a  singular  fact  having  been  established,  whick 
leads  to  the  conclusion,  that  its  base  or  gravitating  matter 
in  of  a  metallic  nature.  The  substance  named  Ammonia 
is  a  compound  of  hydrogen  with  nitrogen.  When  this  is 
placed  in  contact  xnth  quicksilver,  negatively  electrified  in 
^he  galvanic  current,  the  quicksilver  increases  rapidly  in  vo- 
lume, acquires  consistence,  and  becomes  at  length  a  soft 
Jolid«  These  are  changes  strictly  analogous  to  what  it 
•woidd  suffer  from  the  addition  of  metallic  matter,  and 
Aey  can  scarcely  be  supposed  to  arise  from  any  other 
citnse.  They  lead  to  the  conclusion,  therefore^  that  the 
JDBunonia,  in  the  decomposition  it  suffers  in  the  galvanic 
circuit,  has  yielded  metallic  xnattei*  to  the  quicksilver;  thi^^ 


mtfgt  be  diarif Cid  i^Aer  fh»n  die  nitrbgisa  d*  tl»  hydeogen^' 
wfaidi  are  the  danents  of^tiiewnitnonia.  Hydrogen' be^ 
ing  inflammftUe;  iney  be  supposed/ with  inmpfobidtiSi^y' 
to  l^  allied  to  metals>  and  die  results  therefereafiiMtt  soaio 
ground  for  the  eonclusioD)  either^that  its'  gravitatiiig  matj 
ter  is  metallic,  in  oth^r  words  that  hydrogen  is  a  metal 
in  the  gas^us  form,  or  diat  it  is  a  metal  in  some  state  of 
combination,  perhaps  in  an  oi^idated  form.  Or,  from  the 
ultimate  relation  which  appears  to  exist  between  hydrogen 
and  nitrogen,  both  may  be  compounds  of  the  same  metal- 
lic base. 

Mr  Davy  has  remarked,  that  even  a  different  view,  ex-^ 
tending  still  farther  the  relations  of  hydrogen,  may  be 
presented ;  'diat  it  may  be,  as  was  formerly  maintained  in 
die  discussion  of  the  antiphlogistic  theory,  the  common 
|idrineiple  of  inflammables  and  of  mettEds^  forming  them, 
when  combined  with  unknown  bases,  and  thus  aetin^ 
in  opposition  to  oxygen.  '  This  receives  some  'support 
from  the  ai^iarent  relations  of  those  principles  tb'die  dif^ 
forent  electrical  states.  <*  Oxygen  is  the  dniy  body  whicb 
can  be  supposed  to  be  elementary,  attracted  by  the  poiu-' 
tive  si^ace  in  the  electrical  circuit  $•  and  all  coitnpounid 
bodies^  the  nature  of  which  is  known,  that  are  attracted 
by  this  sutjace,  contain  a  consideraUe  proportkm  of  oxy-* 
gen.  Hydrogen  is  the  only  matter  attracted  by  die  negi^ 
tlve  snrfiu^,  which  can  be  considered  as  acting  tliexippc^ 
sitepart  to  oxygen :  may  not  then  the  different  ndkxmoMi-- 
ble  bodiesf  supposed  to  be  simple,  contain  this  as  a(  oom^ 
ilbon  danent  ?"  But  to  these  specnkticms,  as  Mr  Daty 
has  justly  added)  not  much  iiinpolrtiEaice  can  beatta^ed** 
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'*'11k0  agf  €f  Suswntff  is  sot  jprt  mAti^Mif^iBlMtktrttt 
iRidv  dMcmsidns ;  tbe  aore  wbde  poiren  of  mMeU  atv 
bat  JMl  bcginriiig  to  be  comideved ;  and  dl-genenl  Tiewi 
effff iming  dwat  matt  a»  yctrastnpoii  fccUa^aod.  nper* 
ftct  fiaundsakkina*'* 
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OF  WAT£R. 


The  €<Hiiposidan  of  water  lias  been  inferred  both  firoA 
analysis  mud  sjmthesis*  Whoi  hydrogen  gas  is  bumty  an 
operatioa-  in  which  of  course  oxygen  is  combined  with  it^ 
irater  is  the  only  sensible  product  j  and  when  wat^  is 
acted  €n>  by  substances  ciq)able  of  attracting  oxygen,-  these 
are  €»ddated»  water  disappears,  and  hydrogen  gas  is 
evolved.  Ffoni:  these  facts,  the  conclusion  was  drawn 
Bea%.  9i  the  s»ne  period  by  Cavendish  and  Watt,  that 
water  is  a-  eompoimd  of  hydrogen  and  oxygen;  and  the 
cxpertroeiity  <rf)  fer ming  wt^r  by  burning  hydrogen  gasi 
was  cxieoated  by  the  former  philosopher  on  a  considerable 
tiSeale.  Ifc  has  since  beea  often  repeated,  and  with  the  ut* 
most  attention  as:  to  the  proportions  and  the  accnraey  of 
^results. 

ISiis  was  necessary,  not  onfy  from  the  importasice  of 
the  question  in  its  rdati^s  to  chemical  theory,  but  also  an 
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mirt,  /^dAJh  ■  ggqwiiod  to  be  <l«cidated« .  inrpartiedhrt  k 
WM^-ohBtniwi^i  dttt' M  acid  is  ^fc^wntlf'  fanngd  ulrangit 
widk  llie  ^ciiltr,;  ao^  6#ne  wore  diqmed  to  ooBdncte^  llMt' 
this  is  the  real  product,  and  that  the  irate  is  ^vfy  adk 
vy^iiliaos,  being  ^enoistnie  deposited,  whidk  had  Wen' 
hsU  dissohed  fay  tbe  gases^  The  rqpetiition  <i£tba  cxpori^ 
laeoty^bawtveiv  diaocflKf^  Ae<Hr%in  of  this  «  It  was 
f^Niiid  to^be  goimrafljr  tbe  nitrie :  this  acid  is  acoaqpaund 
ci  mgrgen  and  Bitroges^  and  had  tbcveffira  bean  fovxied 
firom  natrogen,.  whkh  kad  been  mried  with  the  gases,  and 
ftoot  vUch  indeed  it  is  diffienit  to  procure  diean  ^itirdfjr 
frae^  fkanetiiBes  the  acid  appeared  to  be  the  carboniCj^ 
and  tiaihadjibdoiisly  been  derked&em  a  small  portiosi 
of  eaxboQ  kdd  dissoli^  by  the  kydr(>§(B,  derived  from 
tba  joaterialf,  frian  whsdi  it  had  beea  <d)taiaed.  When. 
the».  sources  cf  £dkcy  are  guarded  againsi^  the  water 
foaDBii^  in  tbe  enmbnation  is  pexfiaetl^pnre^  an4  tlie  «e](B|ht 
of  it  amouttls  eflcactbir  ta  tke  wei^tof  the  bydrogen  and; 
oaqigsa  gaaesconanmecL  This  has  baei»  cetaiUished  fa^  le- 
pcalad  ei&periinentii^  made  on  a:  large  scale,  and  with  tiMr 
gcaaivatGara 

Xiie  compos&aon  of  vatet  has.alsabeen  estaUndbedfagF 
analytic  anpcrimentfc  When  transmifelad  ovar  iron  at  n'^ 
red  heat,  the  iron  is  oxidated,,  amd  bj^rogan  gaa  is  diaiiy 
ea^igad;  Andit  has  fiirther  been  proved,  dial  tliaquati- 
tkjrof  liydxc^;caa,v  added  t»  At  increase  of  weif^wAieh 
the  iron  gains,  corresponds.  wi&  the*  quant^jr  of  watev 
whid»  disappears 

iVenii  Ane  axparimena^  sjoitbetic  mA  analytiev  tha ; 
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proportions  of  the  two  gases  whidi  unite  to  liM'iii-  waUur. 
have  been  determinecL  Excluding  firactioiiftl.pMrti»  whid^ 
from  tlie  nature  of  the  esqperiment^  cannot  he  of.aoiy4iii»' 
portance^  they- may  be  fixed  at  1$  of  hydrogen  fagr  «d{^' 
and  85  of  oxygen.  . 

The  action  of  electricily  aflbrds  a  mode  of  .reaolfiiig 
water  into  its  constituent  gases^  and  of  oomfainiag  thew 
again  so  as  to  reproduce  it.  When  an  interrupted  dedxi* 
cal  discharge,  from  a  coated  jar,  is  transmitted  by  wireii 
placed  at  a  short  distance,  through  a  cc^mn  of  water^ 
there  is  a  production  of  aeriform*  fluid  ;  and  when  firam 
repeated  discharges  this  has  accumulated  m  sufficient 
quantity  to  be  examined,  it  is  found  to  consist  of  oogrgen 
and  hydrc^n  gases :  hence,  when  the  deitric  spark  is 
ti^en  in  itf  it  immediately  disappears  with  inflammation ; 
the  two  gases  being  combined,  and  water  again  formed* 
^e  experiment,  as  a  proof  of  the  composition  of  water, 
is  so  far  satis&ctory,  as  the  results  are  obtained,  without 
the  intervention  of  any  other  ponderable  matter. 

Lastly,  the  action  of  electricity,  in  the  form  of  gaha* 
rdsm,  has  aflbrded  similar  results,  connected  also  however 
with  peculiar  phenomena,  which  reqtiire  to  be  stated 
more  particularly,  as  it  is  from  them  that  doubts  have 
been  suggested,  whether  the  theory  with  r^ard  to  the 
ccmiposition  of  water  is  just. 

If  in  a  quantity  of  water  in  a  glass  tube  a  wire  connect- 
ed with  the  positive  side  of  a  galvanic  battery,  and  an- 
other wire  from  the  negative  side  be* inserted,  employing 
metals  which  are  not  susceptible  of  oxidation,  as  gold  or 
p1atina>  and  bringing  the  extremities  of  the  wires  to  the 


Of  WATOR.  805 

Hi^nwxst  iiboot  half  oh  indbt  ttpm  eadh  other,  a  stream 
tf  gas  immediately  arises  from  each*  and  this  -confmues' 
whiie  the  galvanic  acticili  is  kept  Hp,  imtil,  by  the  accumti- 
ktioii  of  daslic  fluid,  4he  water  is  depressed  beneath  the 
extremity  of  the  upper  wire.  When  this  aerial  fluid  is 
eacanmied,  it  is  found  to  consist  of  oxygen  and  hydrogen, 
in  the  proportions  whidi  fbnn  water,  and  by  transmitting 
die  ^gakanic  spark  through  it,  it  is  again  consented  into 
water* 

in  this  experiment  is  presented  a  pheinomenon  which 
appears  at  first  view  singular.  If  the  evdution  of  elastic 
fluid  arise  from  the  decomposition  of  water,  it  might  be 
expected  that  the  elemcnts^must  be  evoked  together,  and 
that  of  couijle  a  stream  of  oxygen  and  of  hydrogen  gases 
shall  arise  from  each  wire.  On  making  the  experiment, 
howeveri  so  that  the  gas  from  the  wires  shall  be  obtained 
sqiarate,  as  is  easily  done  by  inserting  each  in  a  sepa- 
rate tube,  either  placed  in  the  same  vessel  of  water,  as 
represented  Fig.  25.  or  even  connected  only  by  a  humid 
ecmdnotor,  or  l^  the  interposition  c^  ceitain  liquids,  it  is 
&Nmd,  that  the  gas  from  the  one  /wire,  that  connected 
witli  the  positive  side  of  the  galvanic  battery,  is  oxygen, 
that  fix>tti  the  other  or  negative  side  is  hydrogen,  and 
each  is  perfectly  pmre,  MT  icare  has  been  taken  to  free  the  w»- 
ter  fitttn  the  iatmospheric  air  it  holds  dissolved.  The  de» 
ments  of  the  water  are  ev^ed  tberefore.at  separate,  and 
even  at  distant  points  i  and  the  question  that  obvionaly^ 
l^reeients'ktetf '  is,,  Ivltst;  becomes  of  the  oxygen-  ttt  the  wire'^ 
yibexe  the  hydrogen  is  evohredi  and  what  becomes  of  the 
^jdxogen  where  the  oxygen  is  given  out  ?     - 
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To  solve  this  question,  various  hypotheieB  w«v«,  pn^ 
posed.  It  was  supposed  that  woieri  m  cobb^bqh  wSk 
Other  compounds,  is  a^MiUe  of  coHibiniiig  with  att  eiMi 
of  either  of  its  ingredients,  an4  that  in  tUs  experimiiiit.il 
may  remain  with  silch  an  excess  at  each  wire,  with  aaiBS- 
cess  of  hydrogen  at  the  wire  where  o:|^gen  is  evohredt  aod 
with  an  excess  of  oxygen  at  the  wire  where  bydr^^  is 
disengaged,: — an  hypothesis  liable  to  the  obvious  olj^ectioDt 
that  when  the  portions  of  water  are  in  separate  vesseky 
connected  only  by  a  humid  conductor,  this  must  have  s 
limit,  and  that  the  properties  of  the  wateFj  from  such 
changes  of  composition,  must  soon  sufier  important  chao* 
ges.  By  other  chemists,  it  was  imagined,  that  tibe  prin- 
ciples of  the  decomposed  water  are  conveyeii  by  the  gst- 
vanic  influence  to  these  distant  points.  How  Ais  i^ 
accomplished,  was  never,  however,  very  well  explained} 
and  the  improbable  hypothesis  was  even  advanced,  tfaat,it 
might  be  by  the  direct  combinaticm  of  the  princ]|ple  of 
galvanism  either  with  oxygen  or  }iydrogen.  Mr  Davy  at 
length  shewed,  that  this  is  merely  a  case  of  the  general 
law  by  which  the  decompositions  from  galvanic  influence 
are  produced  $  that  certain  substances  are,  from  thdr  pe- 
culiar relations  to  electricity,  attracted  to  the  positive^  and 
repelled  from  the  n^ative  pole  of  a  galvanic  series,  whik 
others  are  attracted  to  the  negative,  and  rq>elled'&om  the 
positive  pole ;  oxygen  and  addi^  -belonging  to  the  fcnrm^ 
class,  hydrogen,  and  in  gaieral  inflammable  substaiiees^ 
as  well  as  alkalis  and  earths,  belonging  to  the  latt^* 
When  water,  therefore,  is  submitted  to  the  action  of  gal- 
vanism, the  oxygen  of  a  porticm  of  it  is,  in.c<ttiforHiity  to 
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actenflioii  of  the  theory  extravagant  and  absurd,  yet  there  in 
no.  reason  why  it  should  be  lunited  to  water,  since  there  is 
nothing  peculiar  in  its  q^arent  production  or  decoBn{XMi« 
tion.  Its  conversion  into  oxygen  and  hydrogen,  by  the 
Action  of  galvanism,  is  exactly  similar  to  the  oonvehdoo  of 
sulphate  of  potash  into  sulphuric  add  and  potash  by  die 
same  action :  the  conclusion,  that  the  water  is  a  componnd  i 
of  these  principles,  rests  precisely  on  the  same  grounds  as 
the  conclusion  that  the  compound  salt  consists  of  the  acid 
and  the  potash,  and  both  rest  on  evidence  as  direct  as  can 
be  adduced  in  support  of  any  chemical  £stct  *# 


*  Hitter,  by  whom  this  theory  of  water,  being,  a  simple' sub- 
stance appearing  uudier  the  foriqs  of  oxygen  and  hydrogen,  ac- 
cording to  Its  electrical  states,  was  maintained,  has  stated,  that 
urhen  a  wire  attached  to  the  positive  side  of  a  galvanic  bat-* 
tery  is  placed  in  water  in  a  tube,  and  a  wire  from  the  nega- 
tive side  is  placed  in  another  portion  of  water  in  another 
tube,  and  when  these  are  connected,  not  by  placing  them  in 
a  vessel  of  water,  but  in  separate  vessels  connected  by  a 
metallic  wire,  the  usual  phenomena  are  produced,  and  the 
oxygen  is  evolved  at  one  wire,  the  hydrogen  at  the  other. 
Kow,  although  it  may  be  supposed,  that  parUcles  of  oxy- 
gen ^d  hydrogen  may  be  conveyed  to  distant  points  hy  power- 
ful attracting  or  repelling  forces  through  water,  it  can  scarcely 
be  conceived,  that  they  shall  be  capable  of  being  conveyed  thro' 
the  wire  of  metal,  which  in  this  experiment  forms  the  medium 
of  connection  betweep  the  two  portions  of  water;  and  hence  the 
result,  Ritter  conclpdes^  establishes  the  conclusion,  that  the  com- 
munication merely  of  positive  and  negative  electricity  to  water 
(the  metallic  wire  in  this  case  completing  the  circuit)  causes  it 
to  assume  the^se  forms.  Were  tiie  fact  as  it  is  stated,  the  conclu- 
sion would  perhaps  follow.  I  have  found,  however,  on  making 
the  experiment,  that  it  is  a  mere  deception.     The  connectio|( 
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'  It  w$s  at  one  time  supposed,  that  in  the  decomposition 
of  water  by  galvanism,  there  is  a  formation  of  new  pro- 
ducts: A.  portion  of  add  frequently  was  observed  to  be 
formed  at  the  positive  wire^  and  of  alkali  at  the  n^ative 
wire.  Tlie  origin  of  these,  however,  has  been  Sufficiently 
traced-  They  are  in  general  derived  from  the  small  por- 
tion of  saline  matter  which  water  holds  dissolved,  and 
from  which  it  is  not  even  perfecdy  freed  by  one  dis- 
tillation,  the  acid  of  which  is  attracted  to  the  one  wire, 
the  base  to  the  other  ^  and  as  these  attractive  powers  are 
so  strong,  the  most  minute  quantities  are  rendered  sansi* 
ble.  From  the  same  circumstance,  even  the  containing  . 
vessd  is  sometimes  acted  on ;  and  the  atmospheric  air, 
held  dissolved  by  water,  ha&  some  influence,  its  nitrog^. 


«*—  • 


wire  becomes  a  galvanic  ooe,  and  its  two  extremities  becoming 
electrical,  by  what  electricians  have  denominated  position  or  u> 
duction,  are  in  states  of  electricity  the  reverse  of  the  galvanic  wires 
in  the  tubes;  and  hence  oxygen  and  hydrogen  are  evolved  at  their 
extremities,  corresponding  with  the  hydrogen  and  oxygen  evolved 
sEl  the  others ;  the  extremity  of  the  connecting  wire,  for  example, 
in  the  tube  in  which  the  po^iliv^  galvanic  wire  is  inserted,  being 
negative^  and  giving  out  hydrogen,  corresponding  to  tlie  oxygen 
which  appears  at  that  wire,  and  its  other  extremity  in  the  tube 
in  ^icb  the  negative  vrm  is  inserted  htmg  positive^  and  there* 
fore  giving  off  oxygen,  corresponding  to  the  hydrogen  which  ap» 
pilars  at  that  wire.  The  effect,  I  have  farther  found,  is  exactly 
the  same  m  the  decomposition  of  a  compound  salt,  acid  bemg  col* 
lected  at  the  extremity  of  the  positive  galvanic  wire,  and  alkali 
at  the  extremity  of  the  negative  galvanic  wire  in  the  different 
tubes,  but  the  corresponding  portions  of  alkali  and  acid  appearing 
at  tbe  same  time  at  the  extremities  of  the  connectin|;  wire* 
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by  combining  wkh  die  nascent  oxygen  «t  the-  ptMfe 
pole,  firnmng  nhrie  ackl,  and  ^mbiaing  ii>  M^  nHitn» 
wkk  the  mwooit  faydixigen  pt  the  negative  pote^aftdlnnB* 
ing  ammonia*  But  wheni  these  flonteei  of  fiiHiMy  aM 
avtpided^  die  wvt^,  Ifr  Davy  has  A0w%J!«BUMau  pai«l# 
the  ^end  of  llie  expevfanent)  and  if.  resolved  into  osygea 
aakl  hydrogen  alone. 

Water,  CM  a  ehemi^. agents  has  ^pudkies  ^sXnsnidy  pe* 
collar.  It  affords  the  ea^ample  of  an  inflanmablo  base 
saturated  with  oxygm,  forming  a  {uroducit  whidi  has  ns 
addi^.  Besides  (his,  though  its  affinitieB  are  emtapemij 
vamercfwif  diey  aare  sddom  energetic  i  and  henoo  in  gene* 
lal  it  oomUnes  with  bodies,  without  BMleri^y  dianghig 
their  qualitiess  and  by  oOnmtunioating  fluidity  ta  mMh 
without  modifying  much  their  chemical  relations,  &vouis 
their  mutual  actions. 

It  is  tasteless,  colourless,  and  inodorous.  It  passes  to 
the  solid  state  at  32^  of  Fahrenheit,  and  in  doing  so 
crystallizes,, i^iculas  shooting  out  at  a  certain  angle,  and 
of  a  prismatic  form :  by  the  continuance  of  the  congel^i' 
tion,  the  vacuities  are  filled  up,  but  the  mass  remains 
transparent,  and  is  hard  and  brittle.  In  congealing,  diere 
k,  as  has  been  already  stated,  an  enlargement  of  volume, 
and  this  expansion  even  takes  place  previous  to  the  coor 
gelation,  during  the  reduction  of  temperature,  for  six  or 
eight  degrees,  the  greatest  density  of  water  being  abont 
40®.  In  the  act  of  jfreezing,  too,  the  greater  part  of  ths 
air  which  the  water  holds  loosely  dissolved  is  expelled.^ 
,  Water  passes  into  vapour  when  exposed  to  the  atnuHh 
phere  at  any  natural  temperature,  and  even  ice  evapo- 
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nated  by  prematt  with  lavge  qimntitiet  of  thegaflCB,  "wlBfjb 
under  the  mere  pressujre  of  tke  atmosphere  k  abaoitai 
^Mnngly,  does  not  sucfier  much  change  in  ito  qnalitiet..   \ 

Thi^  absorption  of  gases  by  water^  so  fiurat  least  as  iaa* 
gards  those  which  require  pressure  to  cause  their  absofp- 
tion  in  any  sensible  quantity,  has  been  supposed  by-  |fr. 
Dalton^to  be  a  mere  mechanical  ^ect,  the  gas  beii^ 
forced  as  it  were  into  the  interstices  at  the  water  by  tbs 
pressure  iqpplied.  It  is  rather  to  be  reg^edi  howeveryas 
arising  primarily  firom  the  afiinity  exerted  by  the  water  to 
the  particles  of  the  aeriform  fluid.  This  is  counteracted  bj 
the  elasticity  of  the  gas,  and  not  being  strong  it  cannot  o- 
perate  with  much  efiect  Pressure  counteracts  this  elastidh 
ty,  hence  lessens  the  resistance  opposed  to.  the  combiDa- 
tion,  and,  operating  like  reduction  of  temperatnre,  cl^lsef 
a  larger  quantity  to  be  absorbed.  .We  according^  find, 
that  in  those  cases  where  the  exertion  of  an  affinity  by  the 
water  to  the  gravitating  particles  of  the  gas  is  undoubted, 
as  in  the  example  of  muriatic  acid  gas,  pressure  is  equally  ef- 
fectual in  promoting  the  absorption  :  and  also  what  is  in 
conformity  to  this  view,  that  even  in  those  gases  the  ab- 
sorption of  which  is  inconsiderable,  the  quantities  absorb- 
ed are  different  under  the  same  pressure, — ;a  difference 
which  can  only  be  ascribed  to' the  different  forces  of  affi- 
nity exerted  to  them  by  the  water. 

There  are  some  important  facts  with  regard  to  the  relisr 
ticma  of  water  to  the  aerial  fluids  in  their  absorption: 
Thus,  from  the  afiinities  it  exerts  to  all  of  them,  however 
weak,  if  it  be  agitated  with  a  mixture  of  two  or  more  ga- . 
seS|  portions  of  both  will  always  be  absorbed,  the  same 
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iCth^  woteji^eveQted  to  it  teparateiy  in.their  pepper  den^ 
fl^l^kj  the  quantky  tb^efbre  bang,  gmtest  iof  ihai'^Uidr 

tfr  )^;hee|i  preyioM9ly  impregnate  im 
tiding  ^  with  ^afl^oth^tiL  a  portioQ  of  the  latter  willilW  tb^. 
iOi^j^'  and  a^poitiaa  pf  the  former  di^plaoed^  Hepse,  4m^ 
i|f^.  ugually  ppntainfi  a  portion  c^a^Movph^c  air».in,'^;(fr 
B09J^;9Pj^  gas tp  an  extei^ve  aurfiic^.pf  i^aji^  fil4ll.4iioref 
il|{ftgitating:anjrg&S;with  it,  whik  a.qui^tity  of.tIu8ri$  ajt^. 
iQrbyedi  a  portion  ol^l^e  aif  the.^ater  ))olds  di^^y^  wik 
b^  ftqparated^  vaiMl,^d4ed  to^tbe  residual  g^^  .wheoqe  fioe* 
^^l4l^'!SOurcess\of  firror  have  iirid^  in.cbepiicfal  eaf^jH 
]AiK)^^.caygen^g^,.iar  exampte^  if  kepjtin^«JAraarroiund«^ 
ed  ^i^ith.wa^  Ql))08ed  to  the  air,  will  cicK^/baye  an  intern 
]ai:igui«i  of «tiai06pheric  air ;  and  ii]^dee4  ail  gases  long. ecur 
ppfll4  in  this  manner  have  a  similar  i^termiKture^from  the 
wates.yielding  its  air.* 

.:  Wat^  which  bafii  been  exposed  to  the  atmosphere  al- 
ways, contains  portions  of  both  of  its  constituent  gases; 
bujt.the  oxygen  appears  to  be  absorbed  in  preference  to  the 
i^ogen»  and  in  larger  q^anti^.  Hence  by  a^dtating  at- 
mospheric air  with  a  large  portion  of  water,  or  passing,  it 
repeatedly  through  a  column  of  water,  the  greater  part  of 
iur  <^ygen  is  abstracted.  The  presenpe  pf  ^oxygen  loosely 
combined  in  water,  is  usually  shewn  by  the  test  of  sulphate 
of  irpn  i.  the  oxide  of  iron  which  is  the  base  of  this  salt,  at- 
tracting this  portion  of  loose  oxygen,  wh^ice  becoming  in« 
i|olnb)t^,  it  is  precipitated,  ^md  forms  a  yellow  sedimjsnt : 
this  precipitation  seems  also,  however,  to  be  in  part  owing 
tiD  the,  decomposition  of  the  salt  by  the  affinity  of  the  wa« 
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ter  io  its  add,  aidMl  1^7  ito  qoinii^    Ite^l^^  40^ 
lield  diaiobed  by  water  it.«qpdcxi  yilfkb  d0<cmkf.    'ItHmt 
part  removed  bj  reaigmBgiheatm^ 
mipmap^  by  ^ftfcaag  boiliiig^  aa^dbj:  6Mdiiig»  boC  part  "it 
k  k  itai  retabied.    It  u  rtAiN  mgidg;t  tMiiMiim 
ffm Bspp^BTs  tbbib oetaiiied  widi gMitett^iiiFc^  -If, tknuaj^' 
"Mler  freed  aa^mticli  aa  pban^  from*  air  Ily1xiilii^':aiitf 
iQrdieaur-fnQnp,  an  dbcftfical  discharge  B^  tramimCfeed^  ^ 
smaH  porticA  of  niW>g«i  k  dmigagedf  along  wiAi  tllfc 
•zy^;en  and  hydrogen  evoked  from  die  ^feoomporitioii  ef 
water,  as  Dr  PearBon  found  in  his  expennieHlB.    Aiid  iti 
froeaing  wat^  whieh  had  been  previousFp^'fieed  aamv^al 
poasS^  tpomsit  byiboiling,  tile  air  ^dkeof^jgej  ft,  aAdawt 
iss^  to  the  eaqpoteienta  of  Priestley,  nitirbgeii,  eepicSUtf 
when  die  frettdi^df  die  samefXHiimi  of  water  has  b^ 
r^peatedfy  performed.    Ritter,  on  die  eontn^,  haa  inftiv 
red  from  some  experiments,  diat  die  air  disengaged  jit  the 
freezing  of  water  is  oxygep,  evolved  from  deeiMnpbai-^ 
tiion,  apd  that  ioe  has  therefore  an  excess  of  hydrogen.  Mr 
Da;vy  has  more  lately  found^  that  this  air  is  atmospheria 
nitj  and  that  the  production  of  it  does  not  take  place  ia  * 
the  unlin^ted' manner  which  had  been  represented  hf 
Priesd^,  but  ceases  after  the  fi-eezing  has  been  rqieated 
tJl^ree  or  four  times.    Water  melted  from  snow  widi  dia 
SKcluiion  of  the  atmosphere,  appears  to  be  neariy  free  from 
air.     Bain  watar,  and  especially  dew,  have,  on  the  con-' 
trary,  been  supposed  to  be  saturated  with  air.  Spring  wa-' 
Iser,  besides  the  atmos^eric  air  it  holds  dissohed,  ccmtluiii 
ai^  portion  of  carbonic  acid. 

Water  is  contained  in  all  the  dlastic  fluids,  derived  ei- 
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Ask  firan  Uie  maMiab  Irom  vrhkli  diegr  Iviw  haen  cxtii» 
iMBAi  w  that  tilifoagh  i^lyioh  tfa^  Wve  bew  iramiiy  ttat 
hiesdatii  bk  tkem  ia  die  8tet»  of  «iipoiir>  pnbtb^  weak^ 
eoBiUaedy  aqd  i»  eat)abk  ef  being  condenMd^  JB  fwrt 
iMBt^  b^  ofi|d»  imdofbeingi4MliMtedbyipbittncos«xev6 
ilig  ttb  «tliMtiaii  to  it,  a*  bjr  su^htirio  acid  er  iime.  j  But 
Hiiilf  <wliefi  ahstraofeed  48  mudi  a^potcphh  by  the  aetKiii  «f 
tli^sef  «i]lMtaaoe«^  itluu^beeiilflffipoiadlluitJipoff^^ 
laiiie^  bjr  a  fit^KMiger  ferce ;  and  Ihere  ai^e  feoto  iiiu^  iqi» 
pear  fopxirev^bat  ill  flonie  gases  at  <  feast,  die  ipxAiid^  of 
ttb  is  ecxnsyeraMe^  and  is  essesitial  emn  to  their  Mistenoe 
in  die  aariform  state.  This  is  a  question  at  present  of 
iMcfe  iBlevest,  but  not  easify  det^nnuBed. 

•'AiSiBgB3BX  &ct,  from  which  this  eondusioa  with  Mgard 
toriihe  eadstenoe  of  combined  water  in  >a^al  fluids  haa 
been  drawn,  is,  that  in  oesopoands  in  whidi  these  gasiBs  ex* 
«*,  a  Aytate.  iheg«.«»»K,t  b.  di.eng.ged  byhct 
uidess  water  be  supplied.  This  is  the  case  with  thpnatire 
cftifwnateofbiuTteseroflimei  ted  Ifbmtbefenifidr,  even 
frex»rbonic  add  isTery  imperfectfy  disengaged  by  an  acid,- 
HiilesB  it  be  dihtted  widi  water.  Ffmh  both  fiiciU  it  has 
been  inferred,  that  water  is  ess^itiai  to  the  ooBsttoutioh  of 
caibonic  acid  ga8,-«an  inference  which  may  be  just  to  # 
certain  extent,  though  it  is  also  possilde  that  the  operation' 
efllie  water  may  be  not  dtogetiber  on  the  gas,  bi^  on  tho 
base  Willi  wbi^  it  is  comlnned,  favouring  its  diiengago- 
inent'  by  the  attraction  it  exerts  to  diat  base* 

•'Another  &ct  in  fiivoar  of  the  same  eondiisidn  is  dia 

* 

disengagement  of  hydrogen  from  certam  gases,  wiiffli  th«jr 
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are  aubaiitted  to  the  action  of  the  dectric  quurk^  after 
they  have  been  rendered  as  dry  as.poisiUe.  Insoaieof 
these  esqperimentsy. indeed,  those  i4iQre,the  C9rbuietted 
hydrogen  gases  were  operated  on,  it  now  at)pears  that  the 
fitct  had  not  been  accoratdy  obseirved^.'.thc^  phenomena 
whence  the  evolution  ofhydrogen  had  been,  ipfearod.  being 
owing  to  the. decomposition  of  .the  gas  it^df^  butthere.are 
others  free  from  this  ambiguitjry  muriatic  acid  ga^,  for  ex- 
ample, affi>rding  about  ^  of  its  volume  of  hydrogen  gas, 
on  being  submitted  to  the  action  of  the  electric  spark,  af- 
ter it  has  been  exposed  to  muriate  of.  lime  to  abstract  iM 
water. 

_  •  -  *  ■    •       ■  _        , 

The  fiict^  more  recently  established^  with  regard  to  the 
relation 'of  muriatic  acid  to  water,  appe^  to  prove  still 
more  dearly  the  necesisity  of  water  to  its  existence  in  thf 
gaseous  form.  Thus  Gay  Lussac  and  Davy  found,  that 
this  acid  could  not  be  disengaged  from  its  combinations 
by  ft  dry  acid  with  the  aid  of  heat,  from  muriate  of  lime 
for  examjde,  by  phcftphoric  or  boracic  acid,  while  if  war 
ter  were  added,  it  was  disengaged  in  large  quantity.  The 
gas  itself  too,  rendered  as  dry  as  possible,  on  being  submitr 
ted  to  the  action  of  potassium,  afforded  hydrogen  in  such 
quantity,  that  Mr  Davy  inferred,  first,  that  it  must  con- 
tain at  least  one-tenth  of  its  weight  of  water,  and  after- 
wards that  the  quantity  must  amount  even  to  one-third  of 
its  weight.  Tliese  latter  facts  may  indeed  admit  of  a  dif- 
ferent explanation  on  the  new  theory  which  Mr  Davy  has 
given  of  the  constitution  of  muriatic  acid  ^  but  that  theoiy 
flan  scarcely  be  regarded  as  established  \  and  the  facts  are 
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tux  the  whole  ixvcmebh  to  the  co&cliifaoiiy  that  in  gasei^ 
«Dd  particularly  in  those  the  gravttadng^  matter  of  whicU 
has  a  strong  attraction  to  water,  )bl  considerable.poriion  of 
this  fluid  exists^  iaiid  icnnecessary  to  their  trfamition  to  thia 
state.  The  stilt  more  sfaigular'  fiict  i^pears  even  to  'i-be 
estabHshed,  that  it  is  necessaty  to  thedevek^nnent  cf^beit 
•dd  powers.  Hiis,  however^  will  form  a  subject  of  toii- 
aideration  under  the  histoid  of  nnirialic  add. ' 

Water  is  the  general  solvent  of  saline  substances,  and  in 
thoae  of  them  which  crystallize,  it  is  always  retained,  fimn* 
ihg  a  part  of  the  substance  of  the  ciystaL  It  iscapableof 
disaohing  the  eartfis,  some  of  them  in  considerable  quanti^^ 
ty,  particularly  barytes'and  strontites ;  the  others  more  tpa- 
ringly.  Even  those  earths  and  stones  which  it  cannot  dia* 
aolve^  it  wears  away  and  reduces  to  a  iftate  of  extreme  dl« 
vision,  partly  by  attrition,  and  partty  by  its  chemical 
pofwers.  Hence  it  acts  even  on  glass,  especially  when  aid« 
ed  fay  a  high  temperature, — a  &ct  which  at  one  time  gave 
rise  to  the  opinion  that  it  is  convertible  into  earth,  a  por** 
lion  of  earth  being  always  left  when  it  is  distilled  from 
glass  vessels. 

Water,  though  incapable  of  combining  with  the  metals, 
exerts  a  chemical  action  upon  them,  affording  to  several  of 
diem  oxygen  at  the  temperature  of  ignition ;  and  at  a  na^^ 
tural  temperature,  aided  by  atmoq>heric  air,  oxidating  or 
corroding  others.  At  a  high  temperature  it  is  <|ecompo-' 
sed  by  charcoal  and  sulphur j  which  receive  from  it  oigrgen* 

Water  is  a  solvent  of  many  other  substances.  Few  of 
the  animal  or  vegetable  products  fure  insoluble  in  it,  and  ^ 
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49f  them  ttpe  fa&ck^  bj  it  as  a  chwikml  i|geiil»  tMetnng 
fiotal  it  oKjgen^  or  the  tv-ftctioA  of  tbeir  ooliBtitotat  prii^ 
iiplet  bring  itrcmidted  by  the  ftudily  h  camwHiainetei,  cd 
A»  logiTe  rite  to  qfMiitaaeouB  4eoompOritioQ. 

Ftdih  die  eKtensivf  «<dv6iit  power  of  .witor»  it  is  8c«roe» 
1)^  c%^  met  with  pure  in  natiirt.  E^ekykiiidrf  ^^dngor 
mer  water  is  iinpn^nfttod  widi  taUlie  abd  eartfajbodiei 
of  difierent  kmda.  Spring  water  contldnsy  accordiiig  Co 
Betgman»  oariMkiale  of  litne,  moriate  of  Ume»  a6d  moriiBte 
of  aoda  I  iiTtr  water  cmtiaiiis  carbonate  of  Hme^  tauriaft 
<Df  soda,  and  tech  of  these  also  sometfanes  a  Ktde  aflkalL 
Wdk«waler^  besides  tfacsey  amtains  ahrajs  a  poortite  ilf 
adf^baleofliitei  tbe{»esenoe  of  which  is  the  ctniae  of  tfat 
quality  in  waters  tcnned  Hardnns*  Rain  or  snow  water 
is  freer  fitim  these  fore^  substances^  but  is  not  perfect^ 
purey  as  it  dfibrds  A  trace  of  mururte  of  soda  and  mnriafo 
of  lime.  Water  is  freed  firom  these  substances  by  distiBa* 
tion  'y  and  for  any  chemical  process  in  which  accuracy  n 
requisite^  distilled  water  must  be  used 
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OF  ALKALIS  4NO  THEIR  BASES. 

doE  .4li9  .name  df  ABolis.  Th^  are  sdiiMb  in  waMff 
dvniiike  ift  acrid  |:  and  ^en  applied  to  an&oal  iMtttn^ 
tllqr.«rariiftx)vdiMHdTek^  &  the  Uae  andpoiM 

pteidbirffi  of  T«igetabks  to  a green^  the  ydlmr  thejr cluuigf 
la  mi^ftn)^-;  .thejrciniifanae  w^  oils  and  &t^  ibnniiig 
fli^paic^md. tfiriyanite  wxdi.ite  ftobstaooes  wfaicii bolmg  to 
anollMV: dasi^.tke  adds^  iMctssdizkig  tfaeb  diaracteriatV' 
prio|nBiieB^.flo  iiMt  in  d»:  eoiiipoiiiid  Vhtet^  to'  ftiviii«dy 
Ubm  Jdie^-dne  pitjportioii  it^dbaeart^f  4sit  prmmot  i^  the 
acid  03  of  tia>?alkali  cmnot,  from  tmy  remnliiii^  pl^pettjr 
af  either  of  didaiiy  be  teoc^gnned.  The  dtfeef  aHtais  a^ 
BamedJkmmoisbi  86da,  and  Podsh,  («  whi^  fi»  ifyi^ 

fint  teakuig.  iiih«|n  |ui()0iM)iil^  te  die  aeri4  forfii^  Mt 
bdi^i  efeen^  wbift»  coiidbiya^  etfiil/ tolattliited^ 

\m  bkdA  named  VoUttVe  A^EUlt  1  th|h  other  l^ivo^v  tkiHi^ 
di83(  a^^  wlatiiiaM  et  a  imA  heat^  yet  Ht^l  baviti^ebnqiari^ 

alkalis  Is  diat  displayed  in  their  relations  to  the  acids, 
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drogen,  and  that  it  is  therefore  the  comimmicatron  of  duU 
element^  not  the  abstraction  of  oxygen,  which  takes  place 
in  their  production.      ^' 

Though  the  alkalis,  earths,  and  metallic  oxides  have 
been  connected  by  these  discoTeries,  diere  still  remain, 
perhaps,  suflScient  reasons  to  arrange  them  as  distinct  or- 
ders ;  and  in  die  present  state  of  chemistry,  it  is  even  ne- 

« 

c^ssary  that  this  arrangement  should  be  adhered  to.  Hie 
bases  of  the  alkalis  and  the  earths,  though  they  may  be 
regarded  as  metallic,  are  very  different  from  the  common 
itietsiky  both  in  their  physical  and  chemical  pn^erties ;  and 
except  in  the  leading  character  of  combming  with  the 
acids,  the  alkalis  are  very  different  in  their  qualities  fisont 
the  metallic  oxides,  and  are  much  more  active  in  their 
chemical  relations.  The  earths  approach  nearer  to  (be 
metallic  oxides,  and  form  the  series  intermediaite  between 
them  and  the  alkalis. 

Several  of  the  earths,  particularly  barytes  and  strontitesi 
approach  so  nearly  to  the  alkalis  in  their  properties,  that 
it  has  been  proposed  to  transfer  them  to  this  class.  They 
are  stiD,  however,  on  the  whole,  more  strictly  connected 
with  the  other  earths :  if  the  entire  series  is  to  be  subdi^ 
vided  into  two  orders,  it  could  not  be  done  with  more 
propriety,  than  in  conformity  to  those  already  established; 
and  the  alkalis  may  be  regarded  as  associated  and  distin- 
guished by  their  mucp  greater  solubility  in  water,  and 
affinity  for  it ;  by  tMeir  solubility  in  alkohol ;  by  their 
greater  fusibility  and  volatility,  and  in  general  by  their 
greater  activity  as  chemical  agents.    ^ 
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CHAP.  I. 


op  AMMONIA  AND  ITS  BASE. 


This  alkali,  obtained  by  indirect  processes,  was  known 
to  the  older  chemists  only  in  its  combination  with  water^ 
forming  the  liquid  which,  from  its  volatility  compared 
with  the  other  alkalis,  was  denominated  Volatile  Alkali, 
Dr  Priestley  first  shewed,  that  a  permanently  elastic  fluid 
can  be  procured  from  it  by  a  moderate  heat^  and  that  thjs 
is  the  alkali  m  its  pure  form. 

In  the  progress  of  pneumatic  chemistry,  several  facts 
were  observed,  proving  the  composition  of  ammonia* 
Priestley  found,  that  on  taking  the  electric  spark  in  it,  or  on 
transmitting  it  through  an  ignited  earthen  tube,  the  vo- 
lume was  much  enlarged,  and  its  properties  were  entirely 
chapged ;  it  was  no  longer  absorbed  by  water,  and  was 
highly  inflammable.  By  heating  certain  metallic.,  oxides 
in  the  ammoniacal  gas,  he  farther  found,  diat  they  are  re- 
duced to  the  metallic  state ;  a  little  water  appeared  to  be 
produced,  and  the  residual  gas  w^  nitrogen.  Scheele, 
too,  observed  the  decomposttion  of  aimnonia,  andthepro«r 
duction  c^  nitrogeo,  particularly  in  the  detonation  of  fulr 
minati|ig  gold,  a  substance  composed  of  ammonia  and  ox-* 
ideofgold; 

BerthoUet,  reviewing  an4  comparing  thfM  experiments, 
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was  led  by  them  to  institute  others^  in  which  amftoniff 
was  decomposed ;  and,  from  the  whole>  he  inferred  ttiat  it 
is  a  compound  of  hydrogen  and  nitrogen  gas.  From  the 
products  of  its  decomposition  by  the  electric  qiark,  he 
concluded^  that  100  parts  of  it  contain  by  weight  80.7  ci 
the  nitrogen  with  1 9.3  of  hydrogen.  With  this  the  results 
of  the  analytic  fesq^^riments  made  by  Mr  Davy  at  a  later 
period,  almost  agree ;  the  proportions  he  assigns  being  8Q 
mid  .20.  Both  Dr  Henry  and  Mr  Dairy  find,  that  when 
100  meteiMres  ic>f  ammcmia  are  deoomjiosed  by  the  dectric 
^H^i  74  m<eaiuires  of  hydrogen  and  ^  of  nitrogen  ar^ 
<^ytaihed,  wfaieh  eol-rei^ioiid  to  the  above  prqportiotos. 

l[l)e  eompobition  df  ammbnia  is  not  easify  estat^ished  by 
i^hthc^is,  the  tekstidty  of  the  two  gases  being  an  obstade 
to  the  exertion  of  the  mutual  affinity  of  their  gravitating 
lifiattek*,  so  that  When  mixed  togetlier  they  cannot  be  corn- 
bitted,  even  by  the  agency  df  the  electric  spark.  It  had 
been  observed,  however,  that  in  some  cases  of  choi^cal 
action^  ammonia  is  evidently  formed,  or  is  evolved,  thou^ 
it  does  not  pre-exist  in  the  materials.  This  production  of 
it  was  ktietnn  to  take  ptace  ki  the  actixm  of  nitric  add  on 
|in  $  aoid  thetheoiy  of  its  production,  as  weU  as  the  princi- 
ple on  WhidhWt  depends,  were  ascertained  by  AustiUv 
T%(i  beiftg-a^lKieftal  having  a  great  avidity  tc^  oxj^^a,  it  de^ 
coBcq^Kises  v(4im  acted  on  by  nitric  acid,  both  the  add  it** 
wdf  tHnA  ^ve  ^ti^  ^&e  add  doHftaibs  altmctitig  tiie  osy*' 
gen  «f  %eth.  l^e  lidl^j^  of  ^  obe  asA  th^  liydt^ 
gen  of  %he  ott^'ai^  evolved/.  ktiH  being  present^  to  ^l^h 
other  in  the  moment  of  their  evolution,  and  be&nre  ihef 
have  1)eo6ttie  tilattic^  iia  thek  ^lUtscm  imf^y  vii  it  has  been 
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fence  of  oxygen  iras  rendered  appai-ent,  both  by  the  axi-* 
dation  of  the  irony  and  the  depositicm  of  water.  Andy 
fcistfyy  in  resolving  ammonia  into  hydrogen  and  nitrogen 
gasesy  by  the  agency  of  the  electric  qpark,  and  estimatiiig 
the  quanidties  of  these  by  weight  from  their  voltunes»  there 
wali  found  a  deficit  of  nearly  Vr  of  the  ammonia  ^nployed, 
probably  from  the  disappearance  of  a  portion  df  axygeO) 
combining  partly  with  the  platina  wires  employed  in  the 
experim^ity  and  partly  with  hydrogen  forming  water. 
From  these  experiments  Mr  Davy  inferred^  that  the  pro- 
portion of  oxygen  in  the  composition  of  ammonia  may  be 
equal  to  sev^i  or  eight  parts  in  the  hundred^  or  may 
even  be  larger. 

TTie  experiments  of  other  chemists  have  not,  however, 
confirmed  these  results.  Dr  Henry,  submitting  ammonis 
to  analysis  by  the  action  of  electricity,  has,  when  the  due 
precautions  have  been  observed,  been  unable  to  obtain  any 
indications  of  oxygen ;  it  is  resolved  into  hydrogen  and 
nitrogen  alone.  The  same  conclusion  has  been  drawn  by 
Berthollet  from  his  experiments.  And,  more  Ifetely,  Mr 
Davy,  repeating  his  experiments,  has^  not  obtained  results 
favourable  to  the  conclusion,  that  oxygen  is  evolved  in  the 
decomposition  of  ammonia,  but  rather  establishing  the 
reverse,  that  the  .products  are  hydrogen  and  nitrogen. 
In  either  of  these,  however,  oxygen  may  be  an  element, 
as  has  been  already  stated  ;  and  onthe  theory  that  it  is  the 
principle  productive  of  alkalinity,  this  supposition  obviates 
the  anomaly,  which  ammonia  would  otherwise  present 

The  analogy  in  chemical  constitution  between  ammo- 
nia and  the  other  alkalis  has  been  under  another  point  ef 
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view,  that  which  r^ates  to  its  baaey  confinned  by  the  in-* 
ieresting'  discovery  by  Berzdius  and  Pohtin,  noticed  un- 
der the  history  of  hydrogen,  that  metallic  matter  is  obtain^ 
ed  fit>m  it  by  the  action  of  galyanisin«  This  matter  can- 
not be  procured  by  itself:  it  is  necessary  to  introduce  the 
operation  of  another  substance  which  may  combine  with 
it}  and  this  is  done  by  placing  quicksihrer  in  the  galvanic 
"drcuit  with  a  scdutioh  of  ammonia^  <3pr  with  an  ammoniar 
cal  salty  carbonate  ox  muriate  of  ammonia.  On  comple- 
ting the  circuity  by  connecting  the  positive  and  negative 
wires  of  the  galvanic  battery  with  the  ammonia  and  the 
quicksilver,  the  latter  soon  undergoes  changes  indicating 
the  communication  to  it  of  metallic  matter.  It  increases 
in  voiumcy  becomes  less  mobile,  and  this  continuing,  it  is 
at  length  enlarged  to  four  or  five  times  its  original  volume^ 
and  becomes  a  soft  solid.  This  change  is  evidently  analo- 
-goiOB  to  amalgamation ;  and  that  the  metallic  inatterprodu- 
^dng  it  is  derived  firom  the  ammonia,  is  apparent,  not  o^y 
froin  the  drcumstances  of  the  experiment  itself,  but  br- 
iber, firom  the  fact,  that  when  the  amalgam  is  exposed  tp 
the  air  or  dropt  into  water,  ammonia  is  rq>roduced.  These 
experiments  were  confirmed  by  Mr  Davy :  they  are  indeed 
^asHy  performed,  requiring  no  powerful  battery :  and  Mr 
Davy  fiuther  found,  that'  quidcsilver  suffers  a  similar 
'dumge  when  ammonia  in  contact  with  it  is  subjected  to 
die  powerfid  de-oxidating  influence  of  the  metallic  bases 
of  either  of  the  other  alkalis. 

This  metallic  matter  must  be  rq;arded  as  the  base  of 
ammonia,  and  as  snch  it  has  been  named  Ammonium. 
%gietlierit  is  derived  firom  the  hydrogen  or  ^itrogen  intjp 
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which  ammonia  ig  resdhraUei  or  from  bodi*  or  irhedidr 
these  ga84S8  are  differeiit  forms  or  combiiiatioiif  of  tt,  i^ 
mains  at  present  unknown  $  but  the  disoorery  soffideoftlf 
ccmfirms  the  analogy  between  this  and  the  other  alkalis. 

Ammonia  is  always  prbcured  by  indirect  processes*  Itt 
ufcimate  source  irusnalty  from  the  deoompodtion  of  aw- 
mal  matter,  of  which  its  constituent  principles  are  eie^ 
m^itS)  and  whidi,  in  the  new  combinations  taking  place 
in  that  decomposition,  unite  so  as  to  form  it  It  is-tliBe 
obtained  abundantly  in  the  distillation  of  bones  and  other 
animal  substances.  Procured  in  this  way>  Jiowever^  it  is 
always  impure^  and  the  chemist  therefore  usually  avaib 
himself  of  a  iBalt^  cpntaining  it  fMrepared  on  a  large  scale  for 
different  purposes  in  the  arts,  the  muriate  of  ammonia,  or 
aat^ammoniac  of  commerce,  from  wlddi  it  is  easily  obtain- 
ed pure.  This  salt  consists  of  muriatic  acid,  combined 
with  amnMmia.  On  mixing  it  with  two  parts  of  slaked 
Ijme,  the  pungent  smell  of  ammonia  is  immediately  appar 
rent  (  and  on  applying  heat  to  the  mixtnre  in  a  retort, 
there  is  an  abundant  production  of  elastic  fluid,  consisting 
of  the  ammonia  in  this  form,  the  lime  combining  with  the 
muriatic  acid  of  the  compound  salt,  and  the  ammonia 
being  disengaged.  The  ammoniacal  gas  is  received  over 
quicksilver,  as  it  is  instantly  absorbed  by  water. 

Ammonia,  in  the  state  of  gas,  has  an  odour  extrem^ 
pungent,  and  is  so  acrid  as  to  inflame  the  dkin. »  Jt  is  one 
of  the  rarest  of  the  elastic  fluids,  its  specific  grari^  being 
to  that  of  atmospheric  air  as  6Q0  to  1000. — 100  cubic 
weigh  18  grains.  It  is  permanently  elastic  at  natural  tem- 
pcratnres,  but  when  exposed  tor  a  cold  — 56^  of  Fahrcn- 


330  OF  ilfMOKIA» 

I 

that  (Jistib  over  from  the  retort,  and  partfy  by  the 
in  the  bottles  of  the  apparatus  through  which  it  is 
mitted.    On  a  large  scale,  the  distillation  is  carried 
from  an  iron-stlD  containing  the  moriate  of  ammonia  an 
lime  dry,  to  which  the  fire  is  directly  afqilied,  the  still 
ing  connected  with  a  spiral  tin  tabe  placed  in  a  refirigera^- 
(ofy,  and  with  the  extremity  of  which  a  series  of  globtihur 
receivers  is  likewise  connected.     When  properly  prepared. 
It  is  colourless,  and  has  the  pungency  of  the  ammonia  un^ 
accompanied  with  any  fetor. 

Ammonia  has  been  supposed  to  be  inferior  to  the  other 
two  alkalis  in  alkaline  power,  as  they  decompose  the  eom" 
pounds  it  forms  with  the  acids.    This,  however,  is  proba-  ^ 
fi|y  owing  to  its  volatility ;  and  as  a  given  weight  of  i|:  neik- 
tndizes  larger  quantities  of  the  adds  than  th^  same  wei^it 
of  the  ot^ier  alkalis  do,  it  follows,  from  BerthoUet's  views 
of  the  strength  of  chemical  affinity,  that  it  is  even  superior 
in  power.     From  the  inferior  concentration,  however,  oT 
its  solution,  it  acts  less  strongly  on  a  number  of  sub* 
stances ;  it  combines  rather  less  intimately  with  the  oi]% 
and  it  does  not  dissolve  the  earths. 
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OF  POTASH  AND  ITS  BA8B» 


This  alkali  Kas  hng  been  employed  in  a  etate  of  great* 
er  or  less  purity  as  a  chemical  agent,  and  has  been  distin* 
guished  by  various  appellations.  Being  usually  prbcured 
from  the  combustion  of  vegetables,  it  remved  the  name  of 
Vegetable  Alkali.  As  it  is  the  base  of  the  impure  alkaUtie 
Mity  the  potash  of  commerce,  it  has  beeii  named  Potash. 
Hie  term  Potassa  has  been  received  as  the  Latin  appelln- 
tkm,  and  would  be  preferaUe  even  in  our  language,  as  si* 
milar  hi  termination  to  the  names  of  the  other  alkalis,  and 
as  different  from  the  term  applied  in  commerce  to  a  sub- 
stance containing  only  the  alkali  in  hn  impure  form  :  but 
that  of  Potash  appears  to  be  established  by  general  use. 

Potash  had  sometimes  been  suspected  to  be  a  compound 
substance,  but  these  conjectures  rested  only  on  refiiotc 
analo^es,  and  nothing  was  truly  known' with  regard  to  its 
composition  previous  to  Mr  Davy's  discovery  of  it.  Guid- 
ed by  the  principles  which  he  had  established  with  regard 
to  the  decompositions  which  galvanism  produces,  he  sub- 
mitted it  to  the  action  of  this  power  in  suffici^it  intensity, 
and  obtained  its  base,— a  substance  before  altogether  un- 
known, possessed  of  very  singular  properties,  and  which 
bas  led  to  the  discovery  of  others  equally  peculiar. 
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The  decomposition  of  potash  by  galvanism  is  most  essi-' 
)y  effected  by  placing  a  small  piece  of  it  slightly  moistened^ 
in  a  platina  cup)  in  connection  with  one  extremity  of  a  gal* 
Tanic  battery.  On  establishing  the  communicatian  widi 
the  other  side  by  a  wire  of  platina}  an  effervescence  is 
cited  at  the  sur&ce  of  the  potash  at  thfe  positive  side, 
ing  to  the  disengagment  of  elastic  fluid,  accompanied 
the  liquefaction  of  the  potash;  while  at  the  surfiice  m 
commmiication  witli  the  n^ative  side,  globules  Bsppear 
having  metallic  lustre,  and  in  mobility  similar  to  qnicksil- 
vet.  The  dbstic  fluid  disengaged,  Mr  Davy  found,  i^  oay«» 
gen  gas ;  the  metallic  globuies  are  the  base  with  which  tfa^ 
oxygen  had  been  combined- 

This  analysis  of  potash  Mr  Davy  confirmed  by  ^jnibwu 
On  exposing  the  metRUic*Iike  matter  to  atmoqiheric  aiTr 
its  liistre  is  diminished,  a  white  crust  soon  forms  \xp0A  iip 
which  is  potash,  and  this  is  accompanied  with  an  ab^rp- 
tion  of  oxygen.  On  heating  it  in  oxyg^i  gas  it  entered 
into  vivid  combustion ;  solid  potash  was  likewise  produced^ 
and  a  portion  of  the  oxygen  consumed.  Or,  lastly,  oa 
dropping  it  into  water,  an  immediate  disengag^nentW  hy- 
drogen takes  place,  the  metallic  matt^  disappears,  nnd  » 
solution  of  potash  is  obtained.  From  these  ^s^pemoeniB^ 
both  analytic  and  synthetic,  the  conclusion  appears  necosi- 
sarily  to  follow,  tibat  potash  is  a  compound  ci  this  mftelUc 
matter  and  oxygen,  since  it  is  resolved  into  them,  md  i& 
re*produced  when  they  combine.  Thip  pn^nntiona  haire 
been  estimated  by  Mr  Davy  to  be,  at  a  medium,  S5  oT 
base,  and  15  of  oxyg^i. 

A  confirmation  of  this  discovery,  extremdy  impcHrtant^ 
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It  appears  in  the  form  of  globules,  having  metallic  hutre 
and  qpadty  at  the  temperatui^  of  60^  very  similar  in  ap- 
pearanoe  to  thoteef  quicksilv^^  but  rathar  less  mdbile.  At 
70^  the  mobility  and  fluidity  are  greater,  and  at  100  it  if 
completely  liquid,  so  that  the  globules  run  easily  to^iedur. 
At  50  it  becomes  solid,  is  similar  in  appearance  to  silveTi 
and  is  malleaUe ;  tit  32  it  is  hard  and  brittle.  Thou^  it 
resembles  the  metals,  howeveri  in  opacity,  lustre,  and  other 
properties,  it  differs  from  them  remarkably  in  density :  in 
this  property  it  is  inferior  even  to  water  or  alcohol  $  when  li- 
quid it  does  not  sink  in  naphtha,  the  specific  gravi^  of 
which  is  .77  :  in  its  solid  state  it  is  rather  heavier,  but  still, 
even  at  40,^it  floats  in  this  liquid;  its  specific  gravity, 
therefore,  is  probably  not  more  than  6,  water  being  10. 

Potassium,  though  so  remarkably  affected  by  heat^  is 
not  very  volatile ;  it  requires  a  temperature  approaching 
to  ignition  to  volatilize  it.  At  temperatures  inferior  to 
this  it  combines  with  oxygen  slowly,  and  without  any  sen- 
sible combustion  ^  but,  when  heated  to  the  point  of  volati- 
lization, it  burns  vividly  with  intense  heat  and  light.  It 
appears  to 'combine  with  different  proportions  of  oxygmi 
for,  when  slowly  heated  in  a  quantity  of  oxygen  not  suflS-« 
cient  to  saturate  it,  the  oxygen  is  absorbed,  and  a  substance 
is  formed  of  a  greyish  colour,  consisting  partly  of  potashj 
and  partly  of  potassium  in  a  low  degree  of  oxidation.  This, 
when  heated  in  the  air,  or  moistened  with  water,  is  con-t 
verted  entirely  into  potash. 

ErcHn  its  avidity  to  oxygen,  potassium  decomposes  wa- 
ter with  rapidity,  producing  es^losion  with  flame,  and  be* 
ing  converted  by  osqrgenation  into  potash.     Placed  on  ice 
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it  bums  with  »  bright  flame  mebing  the  ice.  It  attracts 
o:i^gen  with  similar  rapidity  from  the  mineral  aci^Sy  and 
buma ;  end  ao  suaceiitible  is  it  of  oxidation^  that  it- is  diffi- 
cult to  preserve  it  unchanged. 

It  unites  with  inflammable  substances.  When  heated 
in  hydrogen  gas,  it  diminishes. in  voluHie :  and  the  gas,  on 
being  mingled  with  atmospheric  air,  explodes  with  the  pro- 
duction of  alkaline  &mes.  It  unites  with  phosphorus^  and 
if  the  air  has  been  excluded,  the  compound  has  the  ap- 
pearance of  the  metallic  phosphurets.  When  heated  with 
sulphur,  under  the  vapour  of  naphtha,  they  combine  rapid- 
fy  with  the  evcdution  of  heat  and  light,  and  form  a  snhr 
stance  of  a  grey  oplour,  with  the  lustre  and  appearance  of 
lurtifidal  sulphuret  of  iron. 

It  also  combines  with  the  metals,  and  forms  compounds 
having  metallic  properties  which  absorb  oxygen  from  the 
air  and  decompose  water,  potash  being  formed,  and  the 
metal  separated  unchanged.  Its  action  on  quicksilver  is 
singular.  They  instantly  combine  with  the  evolution  6f 
more  or  less  heat :  the  potatoium  in  a  minute  quantity  adds 
to  the  consistence  of  the  quicksilver,  and-  diminishes  its 
mobility :  when  the  quantity  is  about  -^  of  the  weight  of 
the  quicksilver,  the  amalgam  is  sofl;  and  malleable :  in  a 
quantity  a  little  larger  it  renders  it  solid,  and  nearly  simi- 
lar to  silver  in  colour.  When  it  amounts  to  about  ^  of 
the  weight  of  the  quicksilver,  the  alloy  is  hard  and  brittle. 
The  fluid  amalgam  dissolves  all  the  metals,  even  those  with  ^ 
which  quicksilver  alone  does  not  o(Hnbine.  Compounds  of 
the  metals  with  potassium  are  likewise  formed-  by  heatiog 
an  excess  of  it  with  the  metallic  oxidesy  one  portion  oi  it 
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abstracting  cftygesn.  and  fonning  potash,  the  other  uniting 
with  the  reduced  metal.  From  this  action  it  acts  on  ^u^ 
reducing  the  oxides  of  iron  and  lead  which  it  contain^ 
and  fonning  potash,  which  dissolves  the  glass. 

Though  this  substance  has  not  the  proper^  whidi  lias 
been  r^arded  as  most  characteristic  of  the  metalsf  that  of 
great  density,  it  can  scarcely  but  be  r^arded  as  metallii, 
as  it  has  the  peculiar  physical  qualities  bebnging  to  tiw 
class,  opacity,  lustre,  and  malleability :  and  in  its  cbenuh 
cal  relations  it  dii^lays  properties  similar  to  those  of  other 
metals,-— combining  with  oxygen,  uniting  with  inflamma* 
Ues,  and  with  the  metals  themselves,  forming  coKipoandi 
which  retain,  the  general  metallic  qualities. 

Gay  Lussac  and  Thenard,  in  conformity  to  the  theor| 
they  have  advanced  with  regard  to  the  metallization  of  the 
alkalis,  consider  potassium  as  a  compound  of  potash  and 
hydrogen,  the  latter  clement  being  afiPorded  in  its  fonosF 
tion  by  the  water  which  the  alkali  contains.  The  opinion 
does  not  rest  on  any  conclusive  argument,  and  the  disGUS- 
sion  of  it  merely  as  a  possible  hypothesis,  would,  in  tha 
present  state  of  the  inquiry,  be  pren^ature. 

Potash,  of  which  this  substance  is  the  base,  is  usualljl 
procured  from  the  combustion  of  land  vegetables,  the  pro* 
cess  being  carried  on  in  those  countries  which  abound  in 
wood}  the  ashes  remaining  after  the  combustion  being 
lixiviated,  the  liquor  affords,  on  evaporation,  saline  mat* 
ter,  which,  when  exposed  to  heat,  farms  a  solid  white 
mass.  This  consists  of  various  salts,  principally  of  potas)i, 
combined  with  carbonic  acid,  partly  also  of  potash.  009* 
bined  with  sulphuric  and  muriatic  acids,  together  with 
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sitioeoofi  ettrthi  oxides  of  iron  and  mangancBet  ^uid  occa- 
sionally other  impurities.  It  hasnotbeenwdldetemuniM, 
wliedier  the  alkaU  id  produced  by  the*  combustion,  or 
whether  itpre-^sts  in  the  vegetable  matter^  and  is  merely 
evdved.  It  is  obtained  in  different  quantities  from  di£fe- 
rcRt  T^^tables :  the  harder  woods  afford  more  than  diose 
that  are  ^ngy,  shrubs  more  than  trees,  herbaceous 
plants  a  quantity  still  laiger,  and  even  different  parts  of 
the  same  plant  give  different  proportions  of  it,  the  leavesj 
froip  k  given  weight, .yielding  more  than  the  branches, 
and  the  branches  more  than  the  trunk. 

Potash  is  sometimes  procured  from  other  sources,  and 
in  a  state  rather  more  pure,  as  from  the  decomposition  by 
heat  of  the  salt  named  Tartar,  or  from  the  deflagration  of 
nitre  with  charcoal,  this  alkali  being  the  base  of  these 
salts. 

Potash,  as  obtained  by  all  these  processes,  is  combined 
with  carbonic  acid.  To  abstract  this,  the  saline  matter, 
the  Sub-Carbonate  of  Potash  as  it  is  ilamed,  is  mixed 
with  twide  its  weight  of  recently  slaked  hme,  and  as  much 
water  as  is  necessary  to  give  the  consistence  of  a  thin 
paste :  this  is  put  into  a  glass  fimnel,  the  tube  of  which  is 
obstructed  with  a  piece  of  linen ;  the  mass  of  lime  soon 
subsides,  so  that  the  liquid  portion  filtrates  throu^  it  very 
slowfy,  and  water  is  occasionally  added,  as  the  filtration 
proceeds,  until  a  quaptity  of  liquid  has  passed  through  ten 
times  the  weight  of  the  sub-carbonaj»  of  potash  employed. 
The  lime  in  this  process  attracts  the  carbonic  acid,  «,<I, 
from  the  liurge  quantity  employed,  and  the  slowness  with 
which  the  water  holding  the  alkali  dissolved  passes  through 
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it,  the  tb^tnKsdeB  M  vnwtt  complete  Huai  eovld  bt  ob* 
tflmd  by  «^  otbw  ttrrragem^it. 

Still,  though  the  potash  k  thttt  obtained  w  a  ftate  oC 
solution  nearly  pure»  it  18  not  perfiBftly  10 ;  a  Isttb  corbcmU 
meiit  remains  combined  with  it#  and  there  may  be  present 
too  small  p<Htion8  of  sulphate  and  muriate  of  potadif 
originally  derived  from  the  pota^  of  commerce,  aa  well  as 
a  little  siliceous  earth.  To  obtain  it  in  a  state  of  purily» 
4i£ferent  methods  have  been  proposed ;  that  which  is  ge* 
nerally  followed  is  one  proposed  by  Berthdlet*  Potash 
is  soluble  in  alkohol,  but  is  insoluble  when  combined  iiritb 
carboiiic  or  sulphuric  acid.  The  alkaline  solution,,  there- 
fore, obtained  by  slow  filtration  from  the  mixture  of  sob- 
carbonate  of  potash  and  lime,  is  evaporated  until  it  be- 
come of  a  thick  consistence,  and  there  is  then  added  to  it 
an  equal,  weight  of  alkohol.  A  quantity  of  undissolved 
matter  subsides,  a  dark-coloured  liquid  floats  above  thiS) 
vrhich  is  principally  water  holding  dissolved  potash  com- 
|>ined  with  carbonic  acid ;  a  lighter  coloured  liquor  is  above 
this ;  it  is  drawn  off,  and  is  partially  evaporated  in  a  silver 
bason.  On  standing,  it  separates  into  two  Uquids  of  di& 
£irent  specific  gravities,  the  heavier  being  a  solution  of  the 
alkali  with  carbonic  acid,  the  lighter  a  solution  of  the  pure 
alkali.  The  latter  is  poured  off,  and  is  evaporated,  so  that 
on  cooling  it  shall  either  deposite  crystals,  or  pass  into  an 
irregular  crystallized  mass ;  a  small  portion  of  residual  li- 
quor being  poured  off,  the  potash  is  thus  obtained  in  a 
solid  form. 

Potash  thus  prepared  is,  if  the  evaporation  has  been 
carried  to  dryness,  a  substance  solid,  hard,  and  brittle,  of 
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8  white  colour.  If  evaporated  to  a  less  exteiit9  it  crystal- 
lizes in  fimxiBwhiGhare  modified  by  the  degree  of  evajpom- 
tioB :  it  is  thus  obtained  in  thin  plates^  in  slender  needleSi 
or  inrtetrahedral  pyramidB,  sin^e  or  doul^  these  con** 
taining  di£^ent  portions  of  water  of  aystallization.  Tliey 
produce  cold  in  dissolving  in  water,  whUe  the  solid  potash 
produces  heat.  Even  in  the  driest  {arm  to  which  it  is 
reduced  by  evaporation,  and  after  it  has  been  k^  in 
fusion^  die  potash  retains  a  consideraUe.quantity  of  water 
combined  with  it;  100  parts  containing,  according  to 
Berthollet's  estimate,  14  of  water.  Mr  Davy  has  ob- 
served* that  the  prbduct  formed  by  the  combustion  of 
potassium  in  dry  oxygen  gas  is*  from  the  absence  of  wa^ 
ter,  much  less  fusible  than  die  ccmimcm  potash :  it  is  the 
alkali  in  its  pure  form,  and  requires  about  19  per  cent,  of 
water  to  convert  it  into  a  substance  andlcgous  to  the  com- 
mon potash,  whidi,  even  whai  it  has  been  heated  to  red- 
ness, is  ajiydrate  of  potash. 

In  all  these  forms  the  alkali  has  a  ^strcmg  attraction  to 
an  additional  portion  of  water :  it  imbibes  it  rapidly  &<m 
the  atmofi|^re,  so  that  its  surface  becosaes  humid,  and 
dissolves  in  less  than  its  own  weight  cf  water,  i&noimg 
a  sohitign  dense  and  somewhat  viscid.  It  is  very  fusible, 
melting  at  a  heat  of  S60^  $  this  fusilHlity  is  owing  in 
part,  howev^i  to  the  water  it  contains.  At  a  red  heat  it  is 
vvdatilized.  So  great  is  its  caustidly,  that  it  quickly 
erodes  animal  matter;  and  its  alkaline  powers  axe  so  ener- 
getic, that  the  most  minute  quantity  of  it  changes  the  blue 
and  purple  colours  of  vegetables  to  a  green. 

Y2 
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Potash  has  the  distinguishing  alkaline  4)roperty,  that  of 
combining  with  acids,  and  neutralizing  the  acid  powers, 
thou^9  as  a  larger  quantify  of  it  is  necessary  to  saturate 
a  given  weight  of  acid  thaii  is  required  of  ammonia  or 
soda,  it  is  probably  inferior  to  them  in  real  alkaline 
power. 

It  unites  too  with  oils  and  &ts,  forming  soaps,  which, 
though  concrete,  are  soft  or  gelatinous. 

With  some  of  the  earths  it  combines  by  fusion,  and 
others  it  dissolves  even  in  the  state  of  its  watery  solution. 

It  has  little  energy  of  action  on  the  metals,  but  com- 
bines with  some  of  their  oxides.  It  xmites  too  with  sul- 
phur and  phosphorus,  rendering  them  to  a  certam  extent 
soluble  in  water,  and  enabling  them  to  decompose  it  bj 
attracting  oxygen. 

From  the  numerous  and  powerfhl  chemical  actions 
which  it  exerts,  it  is  applied  to  many  purposes  of  utility 
in  the  arts,  and  as  it  is  the  alkali  most  easily  procured,  it 
is  the  one  most  extensively  used.  It  is  thus  employed  in 
bleaching,  dyeing,  soap-making,  the  manufacture  of  glass 
and  others.  In  medicine,,  it  is  employed  ^  an  antacid,  a 
lithontriptic,  and  an  escharotic. 

Besides  being  produced  in  the  vegetable,  it  is  found, 
though  not  ill  large  quantity,  in  the  mineral  kingdom, 
either  as  a  saline  combination,  or  as  an  ingredient  in  some 
earthy  fossik.  It  also  exists  in  several  of  the  animal  fluids 
and  solids. 
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CHAP.  III.  •■"' 

OF  SODA. 

SoBA  being  found  more  extensively  diffiiaed  in  the  mi- 
neral kingdom  than  either  of  the  other  alkalis,  has  been 
denominated  Mineral  Alkali.  The  term  Soda  is  that 
usually  applied  to  it,  and  is  unexceptionable. 

On  the  discovery  of  the  composition  of  potash,  Mr 
Davy  submitted  soda  to  the  same  methods  of  analysis^  and 
discovered,  that  it  is  a  compound  of  a  base  apparently 
metallic  with  oxygen.  It  required  for  its  decomposition 
Tather  a  greater  degree  of  galvanic  power  than  potash  did  } 
but  whea  this  was  applied  in  sufficient  intensity,  the  phe- 
nomena wefe  similar';  an  effervesc^ice  was  produced,  at 
the  positive  side,  which  was  found  to  arise  from  th^e  dis- 
engagement of  oxygen  gas  ;  and  at  the  surface  in  contact 
with  the  negative  wire,  globules  were  produced,  having 
metallic  lustre,  these  being  the  base  of  the  alkali ;  the  de- 
composition being  effected  from  the  powerful  attractions 
and  repulsions  exerted  at  the  different  galvanic  sur&ces. 
This  base,  exposed  to  the  air,  absorbed  oxygen,  and  re- 
produced soda ;  the  same  result  took  place  more  speedily, 
and  with  the  phenomena  of  combustion,  when  it  was 
heated  in  oxygen  gas,  thus  coiifirming  the  tmalysis  by 
synthesis.     The  quantity  of  oxygen  in  soda,  Mr  Davy 
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found  reason  to  conclude,  is  rather  larger  than  in  potash^ 
its  proportion,  taking  the  mean  of  various  experim^its, 
being  21.5,  with  78.5  of  base.  To  this  base  Mr  Davy 
gave  the  name  of  Sodium.  The  foUowing  are  its  princi- 
pal properties : 

It  is  white  and  opaque,  with  metallic  lustre,  having  the 
general  appearance  of  silver ;  it  is  very  malleable,  and  is  so 
soft,  that  with  a  slight  force  it  can  be  extended  in  thin 
leaves,  a  softness  which  it  retains  even  when  cooled  to 
52**.  Thou^  lighter  than  water,  its  densi^  is  con- 
siderably greater  than  that  of  potassium :  Mr  Davy  esti* 
mates  its  specific  gravity  at  .994^8.  It  requires  a  higher 
heat  to  mek  it  than  potassium  does:  at' 120  it  begins  to 
lose  its  cohesion ;  at  180  it  is  perfectly  fused :  it  is  also  less 
volatile,  as  it  remains  fixed  even  at  ignition. 

When  exposed  to  the  atmosphere  it  is  oxidated,  soda 
being  fbrmed  on  its  surface,  which  ddiquesees  dowly.. 
When  heated  nearly  to  ignition,  the  combination  is  at- 
tended widi  combustion ;  the  small  globules  of  it,  as  they 
iare  produced  in  the  experiment  of  the  decomposition  of 
the  alkali,  are  easily  inflamed  by  the  electric  spark,  and 
when  sodium  is  heated  in  oxygen  gas,  it  bums  with  a 
vivid  white  Hght,  emitting  bright  sparks. 

From  its  strong  attraction  to  oxygen,  it  decomposes 
water  rapidly,  soda  being  formed  by  its  oxygenation,  and 
hydrogen  disengaged ;  and  if  the  water  is  in  small  quan- 
tity, the  heat  produced  is  such  as  to  inflame  the  sodium* 
It  is  inflamed  too  by  nitric  acid,  and  is  rapidly  oxidated 
by  the  other  acids.  Like  potassium,  it  appears  to  be  sus- 
ceptible of  difiercnt  degrees  of  oxygenation ;  soda,  when 
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miif  f>art&k%  deHDXid«ted,  £»Fimag  a  «dbttanee«f  a  dark 
grey  eokmr^  Juad  a  skziilar  ^ubstanoe  being  produced  wkem 
aoduuB  is  fused  with  a  portion  of  soda,  wludiit  wheii  «9»- 
poaed  to  the  air»  or  noi^ned^  attracts  oxygen^,  so  as  to 
ipass  to  ^tut  perfect  afluditie  state. 

•  Sutiiun  does  .not  qs^pear  to  be  dissolved  by  Ig^drogeiii 
fMrobafafy  fi^om  its  ixi&rior  Tolatility.  It  combilies  witk 
so^dutxr  and  pfaospboru%  ike  combiBatioii  being  attended 
«riih  tbe  tvcdutioil  of  mudi  ireat  andX^y  aad  the  comp 
fjOmdi  being  radilar  in  efietema}  propss^ties  to  those  fotm^ 
ed  fajF  potassium  with  the  saMie  mflammables* 

too  with  tlie  metals^  fcnrmingcompouBdewfaicii 
ihe  gaMral  ntieiaiiic  piNiperties.  Whea  oombiiied 
with  quiduilyer  in  so  small  a  pnopoation  as  ^,  it  rendelrs  it 
ftied^  fiynning  a  soUd  which  has  the  appearance  of  SilTer. 
Afl  these  compounds  are  decomposed  by  exposure  io  air 
or  waler^  the  isodium  by  absorption  of  oxygen  being  con- 
vsrtcdtefeo  soda* 

il  is^vide»t,  ikot  sodium  ^proadies  stiB  move  dose^ 
ifli  ils  properties  than  poUssium  does  to  the  common  me*- 
tals^  as  it  is  more  dense  and  malleaUei  and  less  fksiUe  and 
telotikf  and  it  muiit  be  regarded  asametsfiic-cldistano^ 


SCWL  i9  ufiiUsiiy  obtained  from  the  combili^n  of  marme 
▼egstaUeSy  of  which  daffereiit  species  sfford  it  in  diftreM; 
ijMntitite  and  s^tes  of  pnriiy.  The  various  kinds  of  fiioi 
ovaea^weed^  fd&rd^  this  cotmtry  the  impure  alkalme  pro* 
4mc(^  known  by  the  name  of  K^  ;  on  the  shores  of  the 
MediterraneQn»  the  salsda,  sabcomiaf  aUd  odiers^  affinrd 
the  purer  barilla.     Even,  it^  howe^^er,  contains  much  Uh- 
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reign  matter  :  the  soda  contained  in  it  is  comhin^  wiftk 
carbonic  acid,  and  with  this  are  associated  moriale  atii 
su^hate-of  soda,  charcoal,  lime,  magnesia,  and  dlioeoofi 
and  argillaceous  earths.     The  origin  of  the  soda  aflbrded 
by  the  process  is  not  altogether  determined,  but  it  is  moA 
probable  that  it  is  ultimately  derired  from  the  muriate  6£ 
soda  with  which  these  plants  are,fix>m  their  rituation  nip 
plied  ',  as  when  they  are  transplanted  to  an  inland  situation, 
it  is  established  by  the  experiments  of  Du  Hamel  i^id  Ca- 
det, that  the  quantity  they  afford  diminishes  progressivelyf 
and  after  some  years  they  afford  only  potash.   Vauquelin's 
experiments  prove,  that  in  the  salsola  soda,  carbonate  as 
well  as  muriate  of  soda  exists  previous  to  the  ccmibustic^ 
It  is  usually  from  barilla  that  soda  is  procured*     The 
barilla  in  powder  being  lixiviated  with  boiling  water,  the 
solution  on  evs^ration  affords  crystals  of  the  salt  formed 
by  soda,  combined  with  ca:rbonic  acid.     To  obtain  from 
this  the  pure  soda,  it  is  dissolved  in  twice  its  weight  of  wa- 
ter, to  which  is  added  as  much  lime  newly  slaked  as  gives 
a  thick  consistence :  this  being  poured  into  a  glass  funnel^ 
in  the  neck  of  which  a  piece  of  linen  is  put,  water  ia  added 
as  the  filtration  proceeds  slowly,  until  the  quantity  of  so- 
lution is  equal  to  five  or  six  times  the  weight  of  the  sub- 
carbonate  that  had  been  employed.     The  lime  abstracts 
the  carbonic  acid,  its  affinity  to  it  being  aided  by  the  large 
quantity  of  it  used,  and  the  slowness  with  which  the  solu- 
tion passes  through  it.     Still  the  soda  has  a  small  quanti- 
ty of  carbonic  acid  combined  with  it :  to  obtain  it  altoge^ 
ther  pure,  therefore,  it  requires  to  be  submitted  to  the  ac- 
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tion  of  alkohol,  in  the  manner  described  under  the  history 
of  potash. 

Soda  thus  cbtained  is  in  the  state  of  a  solid  white  mass^ 
-which  is  crystallized  with  difficulty ;  its  crystals  are  prisms, 
but  are  not  regular  t  even  in  its  driest  state,  it  contains,,  Uke 
potash,  a  portion  of  combined  water,  to  which  it  owes  in 
part  its  fusibility.  It  is  acrid  and  caustic,  abundantly  so- 
hible  in  water,  and  is  fused  and  volatilized  by  heat.  It 
changes  the  vegetable  colours  to  a  green,  and  comlxnes 
with  the  acids,  neutralizing  the  acid  properties :  with  oik  it 
fimns  801^ ;  with  siliceou§  earth  it  unites  by  fusion  and 
foniiB  .glass :  it  combines  too  with  sulphur  and  phospho- 
rus, imdering  them  soluble  in  water,  and  enabling  them  to 
deoompose  it. 

So  dose  is  the  resemblance  in  pn^perties  between  potash 
aod  soda,  that  the  distinctions  between  them  in  pn^rties 
require  rather  minute  attention  to  discover  them.  Soda  ap^ 
pears  to  have  a  less  strong  attraction  to  water  $  in  their 
eombinations  they  can  be  at  once  distinguished,  the  salts 
tarmeA.  fay,  the  one  united  with  the  acids,  having  qualities 
altc^etfaer  different  from  those  of  the  other.  Both  are  ap« 
plied  to  the  same  purposes. 
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BOOK    IV. 


OF  £ARTHS  AND  THEIB  BASKS. 


n^ 


1  R£  earthy  aggregates  which  occur  in  nature  areusaaUy 
keterogeneons  or  compound ;  but  by  analysing  theaH)  di^ 
nuBts  have  arrived  at  the  knowledge  of  a  few  gnbfitancefly 
m  general  insipid^  of  no  luiistre  or  traniq)ar€aicyy  havu^  a 
bdM  texture,  inscMde  in  water,  uninflamniable,  Tery  di£> 
ficultly  fusible,  and  of  moderate  specific  gravity.     TlMt 
pesisting  ikniier  anslfimf  ikey  regarded  as  simple  gubatan- 
ces,  disti^gimthing  them  stiS  by  the  name  of  Blarths,  aad 
thus  alfediig  to  this  term  a  signification  different  from  thai 
which  it  has  k>  popular  or  even  in  mineralogicid  langaage. 
Four  substances  of  this  kind  were  known  to  the  dder  cbe- 
mists,  silex,  argil,  m^nesia,  and  lime  :  other  two  were  af- 
terwards made  known,  barytes  and  strontites,  mmI  mor^ 
lately  three,  zircon,  glucine,  and  ittria,  have  been  added 
to  the  number. 

The  important  discovery  has  also  been  made,  that  they 
are  not  simple  substances  but  compounds,  theirbases  being 
somewhat  similar  to  those  of  the  alkalis,  and  these  bases 
being  united  with  oxygen.  From  the  similarity  of  the 
earths  in  chemical  properties  to  the  metallic  oxides,  it  had 
often  been  conjectured  that  they  are  of  a  metallic  nature, 
and  their  reduction  had  frequently  been  attempted,  and  at 
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Yet  there  are  also  grounds,  as. has  been  afaready  stated,  for 
retaining  their  distinction^  as  a  natural  order,  fbrmii^ 
the  link  which  connects  the  alkalis  with  the  metals. 

Of  the  characters  assigned  to  the  earths,  none;  can  be 
regarded  as  of  itself  altogether  distinctive*  They  are 
usually  said  to  be  insipid ;  but  there  are  three  of  them,  ba- 
rytes,  strontites,  and  lime,  which  have  a  strong  taste :  they 
have  also  been  considered  as  insoluble  in  water ;  and  the 
greater  number  of  them  are  not  sensibly  soluble^  but  still 
these  three  earths  are  dissolved  in  a  certain  proportion. 
InfusibiUty  is  a  character  less  equivocal,  as  there  is  none  of 
them  but  what  requires  at  least  a  very  intense  heat  for  its 
fusion.  They  are  altogether  uninflammable,  a  property 
obviously  arising  from  their  being  substances  ftaturated 
>with  oxygen.  In  common  with  metallic  oxides,  they  are 
destitute  of  metallic  lustre  and  opacity. 

The  earths  combine  with  the  acids  and  neutralize  the 
acid  properties ;  these  combinations,  in  the  laws  they  ob- 
serve, and  the  compounds  to  which  they  give  rise,  being  si- 
milar to  those  which  tlie  alkalis  form  with  the  acids.  There 
is  an  exception  to  this  in  one  earth,  silex,  wliich,  in  the 
humid  way,  scarcely  unites  with  any  acid  but  the  fluoric, 
and  which  does  not  produce  the  state  of  neutralization.  It 
is  the  substance,  therefore^  which  is  at  once  most  remote 
from  the  alkalis,  and  from  the  metallic  oxides. 

One  property  has  been  assigned  as  distinctive  of  the 
earthy  from  the  metallic  salts,  that  the  solutions  of  the 
former  are  not  precipitated  by  prussiate  of  potash.  This 
is  not,  however,  without  exceptions,  tlie  earth  named 
itlria,  and  also,  as  Klaproth  has  affirmed,  zircon,  giving 
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preoipitates  with  this  test.  In  generali  the  earthy  salft 
•re  not  much  altered  by  infusion  of  gaUs,  a  re-agent  ^hich 
so  sensibly  a£fects  metallic  salts :  neither  are  they  coloured. 
Ittria  affords  also,  however,  an  exception  to  this,  some  of 
its  salts  having  a  red  colour,  and  being  precipitated  by  in* 
fusion  of  galls ;  and  from  these  circumstances  it  ought  per- 
haps to  be  transferred  to  the  class  of  metals,  though  it  has 
not  been  actually  reduced  to  the  metallic  state.  None  of ' 
these  characters,  indeed,  is  very  distinctive. 

Several  of  the  earths  combine  with  sulphur  and  phos- 
phorus, and  like  the  alkalis  render  these  inflammables  so- 
lubk  in  water,  and  capable  of  decomposing  it.  The  same 
earths  unite  with  sulphuretted  hydrogen. 

The  earths  and  alkalis  combine.  By  fusion  with  either 
of  the  fixed  alkalis,  they  form  glasses,  and  the  alkali  digest- 
ed with  water  on  several  earths,  dissolves  a  portion  of 
them. 

The  earths  combine  with  the  metallic  oxides  by  fusion, 
forming  coloured  glasses,  and  they  even  exert  mutual  afH^ 
^ties  in  the  humid  way,  producing  in  their  mixture  mois-< 
tened  with  water  a  degree  of  induration. 

Lastly,  the  earths  exert  affinities  to  each  otlier.  Seve- 
ral df  them  combine  by  fiision,  forming  glasses  more  or 
less  transparent.  And  when  boiled  togethm:  in  water,  it 
frequently  happens,  that  an  earth  insoluble  by  itself  is 
dissolved  by  the  affinity  exerted  to  it  by  another  earthy 
which  is  itself  of  sparing  solubility.  Their  mutual  affinities 
exerted  in  the  humid  way  is  well  displayed  by  another 
&ct,  that  if  solutions  of  two  earths  in  the  same  solvent  be 
Aiixed  together,  in  different  cases,  they  co^ibin^;,  t}^ 
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pcnrar  of  the  salTient  is  oTierco]iie»  and  they  fom  an  iuioi. 
inhfe  pfecqphate.  And  in  all  these  oombiDaliom»  fk^ 
earths  modify  auteria%  the  piopertws  of  eadi  «ther. 

Of  the  difievent  earths^  barytesp  strontites  and  lime 
hanre  pixjperties  oonaiderahty  anak)gom  to  those  of  the  d 
lis.    They  are  to  a  cei;tain  extent  soluUe  in  water  \  their 
sohiticm  has  an  acrid  taste,  and  changies  thev^q^etahlehiii^ 
and  purple  odours  to  a  green.    Thej  have  hence  beea 
named  Alkaline  Earths,  and,  as  has  been  ahready  reraaii> 
ed,  it  has  even  been  proposed  to  transfer  them  fixm  the 
dass  of  Earths  to  that  of  Alkalis.    Tkej  are  stiQ  <«  die 
ivhole,  however,  more  strictfy  ccmnected  with  the  other 
earths;  and  they  may  be  placed  at  the  head  of  the  otder, 
forming  the  transition  fiwi  the 


CHAP.  1. 


OF  BARTTES  AND  ITS  BASE. 


This  earth  was  discovered  by  the  Swedish  Chemists, 
Scheek  and  Gahn*  It  received  the  name  of  Terra  Pen- 
derosa,  from  the  great  specific  gravity  of  some  of  its  com- 
binations, a  name  changed  by  Kirwan  to  that  of  Baryta. 
It  occurs  in  nature  combined  with  sulfuric  add  and  cdT- 
bonic  acid. 

This  earth  had  always  been  more  peculiarly  suj^Kised  to 
be  of  a  metallic  nature^  partly  from  the  great  weight  of 
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it«  native  ooiaybinatioiis,  and  partly  from  iome  of  its  tSlkm 
oofnpoimdt  praying  poisonoiis  to  anknak.  But  dns  re- 
mained  a  mere  conjectiirey  until  fSke  diacowjr  <if  ita  oom- 
poiitiQii  by  the  ^plication  of  galvanism.  Mr  X>ATy  on 
placing  it  slightly  mcastcned  alone,  or  mixal  with  pelath, 
in  the  galvanic  circuit,  obtained  appearances  of  deconw 
position,  and  the  evolution  of  metallic  matter.  Following 
the  method  discovered  by  Berzelius  and  Pontin,  of  placing 
the  barytes  in  contact  with  quii^iher,.  in  communicatioii 
with  the  n^ative  side  of  the  galvanic  battery,  the  anafysb 
was  more  completely  effected  ^  the  quicksilver  had  its  flui* 
di^  diminished,  and  on  exposing  it  to  the  air,  it  became 
covered  with  a  film  of  barytes.  And  the  experiment  was 
still  more  successful  in  substituting  oxide  of  quicksilver. 
He  thus  obtained  an  amalgam,  fiXHn  which  the  quidcsihrer 
was  separated  by  distillation,  leaving  the  metallic  base  of 
the  barytes,  a  substance  which  Mr  Davy  named  BAniuif, 
and  which,  as  obtained  by  this  experiment,  he  £>und  po»« 
sessed  of  the  following  properties. 

It  is  sohd,  of  a  white  colour,  with  metallic  lustre,  having 
a  resemblance  to  silver.  It  melts  at  a  heat  inferior  to  ig- 
nition, but  is  not  volatilized  even  when  heated  to  redness. 
Exposed  to  thie  air,  it  tarnishes  rapidly,  and  fidls  intp  a 
white  powder,  which  is  barytes,  oxygen  being  absorbed. 
Dropt  into  water,  it  immediately  decomposes  it,  evolving 
hydisogen,  and  being  converted  into  barytes.  It  sinks  not 
only  in  water,  but  in  sulphuric  acid,  and  Mr  Davy  sup- 
poses it  to  be  four  or  five  times  heavier  than  water.  It  is 
flattened  by  pressure  strongly  applied.  Mr  Davy  was 
unable  to  ascertain  the  proportion  of  oxygen  with  whidi 
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k  ii\ombined  in  the  composition  of  the  earth ;  'bat  the 
facts  were  ascertained  that  it  absorbs  oxygen,  gains  irdj^ 
by  this  absorption,  and  that  barytes  In  its  driest  state 
is  the  product  of  this  operation ;  whence  it  followSf  that 
this  earth  is  a  compound  of  this  metallic  xhatter  and  oqr- 
gen. 

Barytes  is  procured  either  from  the  native  carlxm- 
ate  or  sulphate.  From  the  former  it  is  obtained,  as  Dr 
Hope  first  shewed,  by  urging  it  with  the  powerful  heat 
of  a  forge  fhre  in  a  black  lead  crucible,  the  carbonic  add 
being  expelled  ;  and  by  dissolving  the  residual  matter  in 
water,  the  barytes  may  be  crystallized.  The  sulphate  may 
be  decomposed  by  exposing  it  to  a  red  heat  for  two  hours 
in  a  covered  crucible,  mixed  with  one-third  its  weight  of 
charcoal.  By  adding  water  to  the  residual  matter,  a  com- 
pound of  barytes  with  sulphur  and  sulphuretted  hydrogen 
is  dissolved ;  from  this  the  barytes  may  be  precipitated  in 
the  state  of  carbonate,  by  the  addition  of  carbonate  of  po- 
tash ;  or  by  adding  nitric  acid,  nitrate  of  barytes  is  form- 
ed, and  can  be  obtained  crystallized ;  and  either  the  car- 
bonate or  nitrate  thus  procured  can  be  decomposed  by 
exposure  to  a  sufficient  heat,  and  the  pure  earth  obtain-* 
ed.  , 

As  afforded  by  these  processes,  barytes  is  in  the  state 
of  a  grey,  solid  mass ;  its  taste  is  extremely  harsh  and  cau- 
stic. Exposed  to  the  air  it  splits,  falls  to  pieces,  and  is  at 
length  reduced  to  a  white  powder,— changes  analogous  to 
the  slaking  of  lime,  and  arising  like  it  from  absorption  of 
water. 


AND  ITS  BASE.  S5ft 

BaryteS)  when  combined  with  a  portion  of  water>«6elts 
'Vrhen  raised  to  a  red  heat ;  when  this  is  dissipated,  it  re- 
quires a  more  intense  heat  for  its  fusion.  '  It  appears, 
however,  to  be  the  most  fusible  of  the  earths. 

It  is  soluble  in  water,  and  its  solubility  is  greater  than 
that  of  the  other  earths:  When  it  has  been  obtained  in  a 
solid  dry  mass,  on  adding  to  this  a  larger  quantity  of  wa- 
ter than  is  necessary  to  slake  it,  a  portion  of  it  dissolves, 
and  afterwards  forms  a  congeries  of  transparent  needle- 
like crystals,  which,  according  to  Dr  Hope,  who  observed 
this  phenomenon,  are  flat  six-sided  prisms  acuminated  by 
four  planes.  He  found  them  to  be  soluble  in  17.5  of  wa- 
ter,  at  the  temperature  of  60.  The  exsiccated  barytes, 
according  to  Vauquelin,  dissolves  in  25  parts  of  cold  wa- 
ter, and  in  twice  its  weight  of  boiling  Water,  the  latter 
solution  forming  crystals  on  cooling.  The  crystals  of  ba- 
ryteslose  their  water  on  exposure  to  the/>air,  and  they 
suffer  the  same  change  firon^  the  application  of  heat.  The 
watery  solution  has  a  strong  acrid  taste,  and  changes  the 
vegetable  blue  colours  to  argreen  j  a  film  forms  on  it  when 
it  is  exposed  to  the  air  from  absorption  of  carbonic  acid. 

Barytes  combines  with  the  acids  j  and  as  it  decomposes 
a  number  of  the  salts  which  the  alkalis*  form  with  the 
acids,  it  has  been,  supposed  to  exert  to  than  stronger  at- 
tractions. These  decompositions  appear,  however,  rather 
to  be  owing  to  the  exertion  of  the  force  of  cohesion,  from 
the  insolubility  of  the  compounds  which  it  forms  with 
these  acids,  than  to  superior  strength  of  affinity :  and  in 
the  power  of  neutralizing  the  acid  properties,  it  is  inferior 
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to  j|i#  alkalis^  and  to  ti|ie  greater  number  of  th^  otiier 
earths. 

Baiytes  unites  by  fusion  with!  the  fixed  alkalisi  and  li)^ 
wise  with  several  of  the  earths,  though  there  are  otl^rs  of 
them  with  which  it  does. not. combine.  It  combinos  with 
several  of,  than  in  the  hujipud  way,  and  communicate^  to 
them  solubility^  or  otV)rwke  modifies  th^  proposes* 
Thus  it  renders,  argil  soluble  in  watery  and  silex  it  enaiJiles 
to  combine  witl]^  di^ffeirent  acids. 

Barytas,  cqin^ei^  witii  sulph,ur,  eitl^r  by  fi,i$io!i»  qr  Igr. 
boiling  them  together  in  water,  and  by  a  resultpig  ajQ&niQr 
enables  the  sulphur  to  decompose  the  water.  It  exerts  « 
similar  action  on  phosphorus.  And  it  unites  with  so.w 
of  the  nxet^c  oxides. 

A  chemical  property  which  has  been  ass^^  tp  baijf^ 
tes,  as  distinctive,  of  it,  is  that  of  its  salts  giyii^g  a  precipir 
tate  withprussiate  of  potash,  a  property  not  belonging  to. 
the  other  ^rths,  but  characteristic  of  the  metak.  This 
precipitation,  however,  arises  &om  the  ii^purity  of  th^ 
prussiate,  and  in  particular  &om  its  containing  sulpburiq 
acid.  When  pure,  no  immediate  precipitation  is  produc- 
0d  by  it  in  the  barytic  salt,  .though,  after  a  few  hours,  if 
the  solution  is  sufficiently  concentrated,  crystals  of  prus» 
siate  of  ba]:yties  aire  fermed. 

This  earth  exerts  cqnsiderable  activity  on  the  living 
i^stem,  and  several  of  it$  saline  combin^ions  prqi^  evesi 
poisonous. 
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CHAP.  ra. 

OF  STRONTITSS. 

The  nativie  carbonate  of  atrontitesy  feund  at  the  min^ 
jcS  Stnmtian  in  Argyleahire,  had  been  conaklered  as  a  va- 
riety of  carbonate  of  barytes,  until  Dr  Hope  shewed  that 
the  earth  it  contains  is  different  from  borytes  and  from 
any  other.  He  at  the  same  time  pointed  outfits  princi- 
pal pn^rties  and  chemical  relations*  Klaproth  diao 
and  Pelletier  afterwards  dononstra^  the  existence  of 
this  as  a  distinct  earth.  It  derives  its  name  from  the  place 
whesre  it  was  first  found.  It  has,  besides  been  discovered 
native  in  different  countries  in  the  state  of  sulphate. 

The  decomposition  of  this  earth  has  been  effected  by 
submitting  it  to  the  action  of  galvanism^  in  th^  same  man« 
ner  as  barytas,  and  by  a  similar  process  its  base  has  beea 
obtained.  To  this  base  Mr  Davy  has  given  the  name  of 
Strontium;  Its  properties  have  been,  however,,  on^ 
imperfectly  examined.  In  lustre,  colour^  specific  gravity^^ 
and  other  physical  properties,  it  appeared  to  be  »milar  to 
the  metallic  base  of  barytes )  by  exposure  to  the  air  it  |;» 
converted  into  strontitcs,  absorbing  oxygen,  and  gpdning 
weight  in  this  conversion. 

ISxRONTiTES  is  obtained  from  either  th^  native  citfb^ 
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nate  or  sulphate,  by  processes  the  ^ame  as  those  vridch 
have  been  described  under  the  history  of  barytes.  It  i» 
obtained  crystallized,  by  dissolving  the  dry  solid  mass  in 
boiling  water,  and  allowing  the  solution  to  cool ;  crystals 
are  formed  an  inch  in  length,  the  form  of  which  is  a  thin 
quadrangular  table,  or  compressed  prism,  sometimes  be- 
velled at  the  extremities  v  they  are  transparent,  but  be- 
come white  and  opaque  on  exposure  to  the  air,  from  los- 

s 

ing  their  water  of  crystallization.  The  taste  of  this  earth 
is  less,  harsh  than  that  of  barytes,  and  it  is  iiot  poison- 
ous. 

Crystallized  strontites  exposed  to  heat  Uqaefies  tcom 
die  augmented  solvent  power  of  the  water  of  crystallizi^ 
tion ;  when  this  is  expelled,  the  white  powder  which  re-, 
mains  cannot  be  fused  even  by  a  very  intense  heat.    ■ 

Strontites  is  soluble  in  water,  the  crystals  requiring  50 
parts  at  60°  ;  boiling  water  dissolves  half  its  weight  near- 
ly. In  it&  dry  and  uncrystallized  state,  it  of  course  re- 
quires a  much  larger  quantity,  nearly  200  parts  at  60°. 
The  solution  changes  the  vegetable  colours  to  a  green. 
This  earth  is  likewise  soluble  in  aUcahoI. 

Strontit^  •  combines  with  the  acids  forming  salts,  of 
whioh  some  are  soluble  and  crystallizable  j  others  insolu- 
ble. The  same  superiority  in  strength  of  affinity  has 
been  ascribed  to  this  earth  as  to.  barytes,  from  its  decom- 
posing the  salts  of  the  alkalis  and  other  earths,  but  this 
arises  from  the  same  cause,  the  insolubility  of  the  com- 
pounds it  forms  with  the  acids  of  the  salts  in  which  it  oc- 
casions these  decompositions.  Its  salts  are  in  general 
decomposed  by  barytes.     Dissolved  in  alkohol,  tliey  give 
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it  the  property  of  burning  with  a  blood  red  flame,  a  pro- 
perty which  has  been  assigned  as  one  of  those  distinctive' 
of  this  earth. 

Strontites  exerts  no  peculiar  action  on  the  alkalis,  nor 
in  general  on  the  other  earths,  though  with  some  of  the 
latter  it  combines  by  fusion.  It  unites  with  sulphur ;  the 
compound  is  soluble  in  water,  and  at  the  same  time  de- 
composes it     On  phosphorus  its  action  is  si«iilar. 

!Ilife  earth  resemble  barytes  in  so  many  of  its  proper- 
ties, that  distinctive  characters  require  to  be  pointed  out^ 
by  which  they  may  be  discriminated.  Strontites  is  lese 
soluble  in  water ;  the  forms  of  its  crystals  are  differ^it ;  its 
salts^' particularly  the  nitrate  and  muriate,  are  considerably 
more,  soluble  in  wa^;er,  and  their  solubility  is  augmented 
in  a  greater  ratio  by  heat ;  they  are  decomposed  by  bary- 
tes $  and  they  give  a  blood  red  colour  to  the  flame:  of 
CQmbustible  bodies.  Two  re-agents  distinguish  them  in 
t\mv  oombin^ons.  The  watery  solution  of  strontites  is 
not'  Uke  that  of  barytes  precipitated  by  malic  or  gallic 
acid :  and  when  the  salts  of  strontites  are  decomposed  by 
oxalic  acidy  the  precipitate  is  not  redissolved  by  an  excess 
of  ai^d^.as  that  frbm  the  barytic  salts  is. 
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CHAP.  III. 


OFLJMJ;. 


Tkdb  earth  exists  in  great  abundance  in  nature^  uscttlfy 
in  combination  with  adds.  Its  ocunpoiuid  with  carbonk 
acid  forms  the  numerous  varieties  of  marble,  limestonei 
chalk  and  marl :  with  sulphuric  acid  it  farms  gypexxm  ov 
plaster  stone ;  and  in  these  and  other  saline  combinatifflis 
it  exists  in  the  water  of  springs,  in  the  water  of  the  oe^aiif 
in  vegetaUe  and  in  animal  matter. 

Submitted  to  the  action  of  galvanism  in  high  inteisi^t 
lime  gate  indications  of  decomposition ;  and  when  the  me* 
thod  described  under  the  history  of  baiytes  was  an{^«- 
ed,  Mr  Davy  obtained  the  amalgam  of  its  base.  This 
amalgam  exposed  to  the  air  or  to  water,  absorbed  oxy- 
gen, lime  being  reproduced.  In  an  experiment  designed 
to  obtain  the  base  in  an  insulated  state  by  distilling  the 
quicksilver  from  it,  the  tube  broke  while  warm,  and  at  the 
moment  that  the  air  entered,  the  metal,  which  had  the 
colour  and  lustre  of  silver,  took  fire,  and  burnt  with  an 
intense  white  light  into  quicklime^  To  this  base  Mr  Da- 
vy gave  the  napie  of  Calcium. 

Lime  is  obtained  with  most  facility  from  the  native  car- 
bonate, fr6m  which,  by  a  strong  heat,  the  carbonic  acid 
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m^y  WexpeOcd.  This  process  is  di^iducted  on  a  large  scale 
on  the  different  varieties  of  limestone,  for  the  purposes  to 
which  lune  is  applied.  As  it  is  not  obtained  altogether 
pure,  the  chanist,  to  have  it  in  a  state  of  purity,  dissolves 
marble  or  chalk  in  diluted  muriatic  acid,  leaving  an  excess 
of  lime  undissolved  :  any  precipitate  afforded  by  the  addi- 
tion of  pure  ionmonia  is  separated ;  the  section  is  then  de- 
cdmposed  by  carbonate  of  potash  or  soda,  and  the  carbo- 
nate of  lime  being  washed  with  water  and  dried,  is  de- 
exposed  by  heat. 

liilie  is  "vrhite,  moderately  hard  and  brittle :  exposed  to 
the  air  it  quickly  absorbs  water,  which  dimini^es  its  co- 
hesicm,  and  pauses  it  to  &11  down  into  a  white  powder  ex- 
tt&AiSj  6tie  ;  this  is  the  slaking  of  liAie.  It  takes  place  ra- 
piiSfy  from  ihk  iiffli^ion  of  water ;  the  Quantity  absorbed  is 
eqoklfo  one-ficrurth  6f  &e  weight  of  th^  lime ;  and  from  its 
tran^oh  to  a  solid  state  in  combining  with  the  lime,  a 
bbrge  quantify  of  ddoric  is  evolved,  ^oducing  considerable 
hcsst. 

Lime  is  invisible ;  at  Idast  it  does  not  melt  in  the  in- 
tekMb  he^  ekdted  by  tJiie  eohbentt^tibn  of  the  solar  rays 
l^  the  Ino^  powerful  burning  mirror,  or  that  estcited  in 
tile  barirfiig  of  combustible  matter  by  od^gen  gas.  ^ 

R  b  toluble  in  water,  tfie  wider  kt  6(f  disk)lving  about 
^th  of  its  weight :  at  212^  it  dissolves  dotible  thatqu^- 
tity,  dq>ositing  the  excess  as  it  cools.  The  solution.  Lime 
water  as  it  is  named,  has  a  strong  styptic  taste,  and  chan^ 
ges  the  vegetable  bhie  and  purple  colours  to  a  green.  Ex- 
posed to  the  air,  a  film  forms  on  its  surface  from  the  ab- 
corptioii  of  carbonic  acid,  and  the  whole  of  the  lime  near** 
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]y  is  at  length  precipitate||  in  the  state  of  carbonate.  The 
same  absorption  of  carbonic  acid  takes  place  in  dry  lime^ 
though  much  more  slovly. 

.  With  the  acids  lime  combines,  neutralizing  the  acid 
properties.  Its  salts  are  in  general  decoiiq)osed  by  potash 
or  soda,  either  of  which  precipitates  the  lime  from  their 
solutions ;  but  not  by  ammonia,  probably  from  the  tendai- 
cy  which  this  alkali  has  to  form  a  ternary  compound  with 
the  acid  and  the  Ume. 

Lime  does  not  combine  with  the  fixed  alkalis  by  fu- 
sion, nor  with  baiytes  or  strontites  $  but  it  unites  either  in 
theJiumid  way,  or  by  the  appUcation  of  heat,  with  magne- 
sia, argil  and  silex. 

It  combines  with  sulphur  and  with  phosphorus^  render- 
ing them  soluble  in  water,  and  capable  of  decomposing  it 
at  a  low  temperature.  It  melts  too,  with  several  of  the 
metallic  oxides,  forming  coloured  glasses ;  it  even  exerts 
affinities  to  several  of  them  in  the  humid  way,  and  in  con- 
sequence of  these  affinities  promotes  the  oxidation  of  the 
metals  themselves  by  the  action  of  air  or  water. 

Of  the  different  earths,  lime  is  most  extensively  used. 
tt  is  apphed  as  a  manure  in  agriculture  ^  it  forms  the  ba- 
sis of  mortar ;  and  in  practical  chemistry,  and  many  of 
the  chemical  arts,  it  admits  of  numerous  appUcations  &<ub 
its  chemical  agencies. 
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CHAP.  IV. 


or  liAGNESIA. 


THis^arth,  in  the  state  of  carbonatei  bad  been  employ-* 
ed  in  medicine,  and  had  been  considered  as  analogca»  to 
carbonate  of  lime.  Hoffinan  observed,  that  it  formed  with 
sulphuric  acid  a  salt  very  different  from  that  formed  by  lime 
Vith  the  same  atid.  And  Dr  Black  discovering  its  princi- 
pal properties,  proved  it  to  be  essentially  differ^it  from  the: 
other  earths. 

It  is  not  much  affected  by  galvanismi  probably  from:the 
difficulty  of  rendering  it  a  conductor  of  electricity.  But 
when  some  of  its  saline  compounds  are  submitted  in  the 
usual  manner,  in  contactwith  quicksilver,  togalvanic  action, 
Ml  amalgam  is  obtained,  which  contains  the  metallic  base 
of  magnesia,  as  this  earth  is  foimed  on -its  surface  by  ex*, 
posure.to  the  air.  From  this  amalgam,  Mr  Davy  found, 
it  difficult  to  expel  the  whole  of  the  quicksilver,  the  glass- 
tube  in  which  heat  was  applied  to  it  being  acted  on.  In 
one  experiment  a  solid  was  obtained,  having  the  white  co* 
lour  and  the  lustre  of  the  metallic  bases  of  the  other  earths, 
which  sunk  rapidly  in  water,  producing  magnesia,  and 
was  also  covered  with  a  crust  of  magnesia  on  exposure  to 
the  air^  To  this  substance  the  name  of  MagkbsiuM  may 
be  given. 
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Magnesia^  Under  Tariotts  states  of  saUne  combinatioiit 
exists  in  nature  in  considerable  quantity.  It  is*  found,  in 
particular,  in  the  water  of  the  ocean,  united  with  su^o- 
ric  and  muriatic  acids,  and  the  same  salts  frequently  exist 
in  mineral  firings.  Ffom  eMiBt  of  them  the  niagnesia 
may  be  procured  by  decomposing  them,  by  aidding  to  their 
filing  solution  an  alkiliitfe  dirtMilite ;  the  carbonate  of 
magnesia  is  precipitated,  and  being  thoroughly  washed  and 
dri^  the  cttrbonjc  «ctd  is  expdled  from  the  mi^nesiiL  by 
a  red  heat. 

Magnesia  obbaifted  by  Ihis  process  is  in  the  form  of  a 
whitie  light  spotigy  powder,  veiy  soft  to  the  touch,  inodo* 
lOtB^  and  faavisg  a  &li|^htly  b&ter  taste.  It  slightly  chan- 
ges die  btae  regetable  ocdouiii  to  a  gre^i. 

It  is  infusible  when  exposed  even  to  the  most  intense 
heat.  If  previously  made  into  a  paste  with  water,  it  suf- 
fers contraction  when  exposed  to  a  sudden  heat. 

It  i^  insduble  in  water ;  when  dry,  it  absorbs  a  portion' 
of  water,  but  doi^  not  form  with  it  a  ductile  {iaste. 

Magniesia  combtfies  with  the  acids :  its  salts  are  in  ge« 
neral  very  soluble  and  crysta|lizable,  and  have  a  very  bit^ 
ter  taste.  Thiey  are  decomposed  fay  the  fixed  alkalis  and 
by  the  dkaline  earths,  the  magnesia  being  piiecipitated. 
Their  dectmiposition  by  ammonia  is  partial,  this  alkali  faa- 
VfRg  a  toidency  to  forin  with^the  magnesia  and  acid  ter* 
niury  compounds.     « 

It  exerts  no  reciprocal  action  with  the  alkalis,  nor  with 
the  alkaline  earths.  It  combines  by  fusion  with  limie,  and 
in  the  humid  wity  it  exerts  an  affinity  to  argilj  combinitig 
with  it,  and  modifying  its  properties. 
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It  oombines,  though  Teiy  impofec^  Bgr 

su^huretted  hydtagm  k  k  dinohred  in  small  ^uantiQr* 
On  the  metab  or  nlelBlIk  oxides  it  exerts  ho  endent  acH 
tioii. 

Magnesia  is  scarce^  apfilied  to  any  use,  except  in  me** 
dicine  as  an  antacid*     Some  of  the  native  bombinatioiis  ci 
it  with  other  earths  have  be^  used  in  the  manu&cturb  of  *■ 
{lorcelain* 


CHAP.  V. 


OF  ABGIL* 


Ir&is  eardi  is  the  base  c^thediflfeietit  days,  whence  tlie 
tttune  ei  Argil  hds  been  given  to  it..  Being  likewise  tKe 
base  oi  the  sak^  known  by  the  name  of  Alum,  it  has  ro« 
ed^  the  appdlation  of  Alumina.  The  former  is  t)refe- 
rable,  as  less  ambiguous*  Though  it  exists  in  natare^^ery 
nearly  in  a  state  of  puri^,  fimaing  the  sapphire  aoid  soma 
otiier  gems,  its  state  of  aggregati^Mi  in  these  forms  of  it 
dirsgniseB  its  dhemical  properties ;  and  it  is- therefore  as  it 
is  obtained  by  an  artificial  process  that  it  is  usually  de« 
scribed. 

The  decomposition  of  this;  earth  by  galvanism  has  be^n 
Veiy  imperfectly  effected.  The  usual  methods  proved  un-^ 
suGcesslul,  and  Mr  Davy  obtained  only  impeifoet  indica^ 
lions  by  another  methedy— ^submitting  the  ar^l  ti>  galvaniu 
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lurtion  in  fusion  with  pbtash  or  sodal  '  The.  metallic  mat« 
ter  obtained  consisted  principally  of  potj^umain  or  sodium> 
but  with  this  was  evidently  combined  a  small  portion  of 
the  base  of  the  argil,  for  when  this  metallic  matter  was 
oxygenated  by  water,  it  produced  not  only  the  alkali,  but 
a  minute  quantity  6f  this  earth. 

<The  artificial  process  by -which  argill&ceoua  earth  is 
usually  obtained,  consists  in  dissolving  common,  alum  in 
water,  and  decomposing  it  by  the  addition  of  ammonia, 
this  combining  with  the  acid  of  the  alum,*  and  precipita^ 
ting  the  argil  which  is  its  base.  To  this  a  little  of  the  acid 
may  however  adhere  ;  and  to  obtain  the  earth,  therefore, 
in  a  state  of  perfect  purity,  the  precipitate,  after  having 
been  thoroughly  washed,  is  redissolved  in  nitric  acid,  pre- 
cipitated a  second  time  by  ammonia,  and  after  being  wash- 
ed and  dried,  exposed  to  a  red  heat. 

.  Argil,  obtained  by  these  processes,  is  in  the  state  of  a 
light  white  powder,  spongy  and  soft.  It  is  peculiarly  dis* 
tinguished  by  forming  with  water  a  paste',  which,  when 
kneaded,  is  tenaciouB  and  ductile ;  and  it  is  from  tlie  pre- 
sence of  this  earth  that  the  natural  days  derive  their  plas- 
tic quality.  Though  no  sensible  quantity  of  it  is  dissolved 
by  wa4:er,  it  forms  with  it  an  imperfect  combination,  the 
k>ose  precipitate  of  argil,  from  the  decomposition  of  its 
saline  compounds,  being  somewhat  gelatinous ;  and  if  dii^ 
fused  in  a  large  quantity  of  water,  it  retains  a  portion  of 
it  in  subsiding,  And  even  in  drying,  forming  a  kind  of 
transparent  brittle  mass;  while,  if  precipitated  from  a 
concentrated  solution,  without  beiijg  diffused  in  water,  it 
forms,  when  dried>  a  loose  powder.     The  letter  has  been 
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Aftttled  l^>ongy)  the  form^  Gelatinous  Ai^il;  it  retains 
the  water  it  has  imbibed  so  strongly,  that  even  ^exposure  to 
a  red  heat  does  not  entirely  expel  it. 

The  paste  formed  by  kneading  argil  with  water,  con- 
tracts  from  the  application  of  heat  j  the  contraction,  as  has 
already  been  stated,  in  considering  the  application  of  this 
to  pyrometry,  continuing  to  proceed  even  at  the  most  in- 
tense heats  long  after  the  whole  of  the  water  has  been  ex- 
pelled. The  clay  at  the  same  time  acquires  a  great  de- 
gree of  hardness  from  its  augmented  aggregation.  In  the 
intense  heat  of  the  most  powerful  burning  mirror,  argil 
does  not  melt,  but  the  fusion  of  it  in  minute  quantities 
has  been  effected  by  the  heat  excited  by  a  stream  of  oxy- 
gen gas  directed  on  burning  charcoal. 

Argil  combines  with  the  acids,  neutralizing  the  acid 
properties.  Those  of  its  salts  which  are  soluble  have  a 
sweetish,  and,  at  the  same  time,  astringent  taste.  They 
are  decomposed  by  the  alkalis  and  alkaline  earths. 

Argil  combines  more  readily  than  the  other  earths  witli 
the  alkalis.  When  its  salts  are  decomposed  by  potash  or 
soda,  an  excess  of  either  added  redissolves.  the  precipitate 
of  argil,  forming  with  the  acid  a  ternary  compound. 
They  can  dissolve  argil  alone ;  and  they  form  with  it  by 
fusion  a  species  of  combination,  in  which  the  argil  is  ren- 
dered soluble  in  water.  , 

ArgQ  exerts  affinities  to  the  other  earths,  both  in  the 
humid  way  and  by  fusion.  Bar}'tes  and  strpntites  render 
it  soluble  in  water.  Lime  forms  with  it  an  insoluble,  com- 
pound; but  the  argil  in  this  combination  renders  the  lime 
iioluhle  to  a  certain  extent  in  alkaline  liquors^    It  also 
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unites  in  the  humid  way  with  silex,  aiidf  what  is  a'^ingnliar 
efteiAf  renders  this  earth  soluble  in  acids.    The  combina- 
tion  of  argil  with  silex  by  fusion^  forms  the  basis  of  Pot- 
tery and  PorcehuQ,  at  least  these  two  earths  fimn  the  es- 
sential ingredioitSy  the  argil  communicating  to  the  miifr* 
tnre  that  plastic  quality,  in  consequence  of  which,  the  paste 
formed  with  water,  when  thoroughly  kneaded,  can  be 
fashioned  and  turned  on  the  lath,  the  silex  preventing 
this  from  contracting  too  much  in  drying,  and  by  the  ac- 
tion exerted  between  it  and  the  argil,  rendering  the  mixtdre 
capaUe  mi  that  q)ecies  of  vitrification  which  forms  Porce- 
lain. 


CHAP.  VL 


OF  SULEX. 


This  e^EUth  is  one  very  extensively  diffused ;  it  forms 
the  principal  constituent  part  of  a  number  of  compound 
fossils }  and  those  in  which  it  predominates  having  usuaBj 
a  ccmsiderable  hardness,  and  the  silex  itself  being  altoge- 
ther insoluble  in  water,  and  in  its  usual  state  of  aggrega- 
tion not  easily  diffused,  it  remains  when  they  have  been 
disintegrated  or  decomposed  :  hence  the  sand  of  riv«fS 
and  of  the  sea-shore  is  principally  composed  of  it.  Rock 
crystal,  quartz,  and  flint,  are  fossils  in  which  it  exists  al- 
most perfecdy  pure,  though  in  these  its  state  of  aggregate 
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tibn.  ncdifiea  its  chemical,  proper^es^  whidb;  aye  rather 
detennmed  therefbre  from  it  in  the  state  in  ididk  it  is^obb* 
\tained  by  an  artificial  prooess. 

The  decomposition  of:  sSikaL  has  he^i  very  iiiq)!ec{ectly 
attained*  It  i&  scarcely  by  itselfi  affected  by^gakanic  ao*^ 
tiaPiy  and  when  submitted  to  it  in  fiiskai  with  potaah^  die 
HietaJlic  matter  obtained  wh^n.  exposed  to  the  air,  oar 
dropt  into  water,  gave  indications  dT  the  regeneration  of 
flilex,  so  as  merelj^  to  warrant  the.  condnsion  that^it.had 
been  decon^posed,  but  without,  afibrding  mora  than  mr 
perfisct  results. 


ISiepiooess  by  which  Sile&  is  usualfy  obtained,  conusts^' 
in.  fusing  calcined  flint  with  three  or.  four  times  its  weight 
of  sub-carbonate  of  potash.  The  mass,  when  cold,  is  dis-> 
solved  in  water,  and  diluted  su^haric  acid  is  added  to  the 
dear  sdutionas  long  aaany  precipitation  ensues;  the  pre* 
dpitate  is  thoroughly  washed  with  water,  and  dried^ 

Silex.  thus  procured  is  in  the&nn  of  a  light  white  pow<p 
der,  insipid,  and  gritty  to  the  touch;  wlien . mixed  with 
wattf,  it  does  not  form  mx^  adhesive  paste.  It  is  extreme* 
hf  infusible,  not  mdting  in  the  intense  heat,  excited  bjf 
Gocygen  gas  directed-  on  burning  charcoal  It  mdts,  how* 
ev^,  in  the  flmne  of  hydrogen  a^d  oxygen  gases  misedr 

It.ia  not  dissolved  in  any  appredable  quanti^  by  water^ 
jet-diere  are  &cts  which  prove  its  sokbiUty  to  a  certain 
extent  when  this  is  not  counteracted  by  its  aggregatioa: 
if  die  solution  of  its  compound  with  potash  be  decomposed 
by<  an  acid, no  precipitate  appears,  if  the  solution  hd^  been 
previously  very  Istrgely  diluted  with  water,  though  others* 
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wise  it  would  be  {^parent ;  and  it  exists  in  sohiticm  in 
some  mineral  springs,  in  which  no  substance  that  can 
contribute  to  its  solution  can  be  detected. 

This  earth  is  scarcely  soluble  in  the  acids,  nor  does  i^ 
form  with  any  of  them  neutral  compounds  analogous  to 
those  formed  by  the  other  earths  and  salifiable  bases,  fl 
character  by  which  it  is  peculiarly  distinguished*  By 
fusion  it  combines  with  boracic  and  phoi^horic  acidi 
forming  a  species  of  glass ;  when  in  a  state  of  extreme  tli" 
vision,  muriatic  acid  appears  to  dissolve  a  smaU  quantiQr* 
Fluoric  acid  is  its  proper  solvent,  dissolving  it  dther  when 
the  acid  is  gaseous,  or  when  combined  with  water ;  thou^ 
it  is  doubtfid  if  Jthe  combination  can  be  established  floa^ 
to  neutralize  the  acid. 

This  earth  combines  with  the  fixed  alkalis.  Whei 
boiled  on  it  with  water,  a  portion  is  dissolved,  and  bj 
continuing  the  boiling,  a  gelatinous  solution  is  obtained. 
By  fusion,  the  combination  is  established  perhaps  more 
intimately,  and  the  properties  of  the  compound  differ 
much  according  to  the  proportions. 

When  one  part  of  flint  or  quartz  is  fiiscd  with  thre^ 
parts  of  sub-carbonate  of  potash,  the  carbonic  acid  is  e^** 
pelled,  and  the  compound  of  silex  and  potash  is  partialis 
soluble  in  water;  with  pure  potash  the  combination  >^^ 
more  perfect,  and  the  compound  more  entirdy  solubl^^ 
The  solution  of  silicated  potash,  or  soda,  becomes  gelat^ 
nous  when  concentrated  by  evaporation.  When  kept  fc^ 
a  number  of  years,  crystals  have  been  observed  to  be  d^^ 
posited  from  it,  transparent  and  hard.  It  is  decompos 
by  all  the  acids,  the  siliceous  earth  being  precipitated. 
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With  a  fimaller  proportion  of  alkali  the  compound  is 
less  soluble^  and  a  stronger  heat  is  required  for  k|  vitri- 
fication: it  may  even  be  obtained  altogether  iimoluble, 
transparent,  and  possessed  of  considerable  hardness.  Such 
a  combination  constitutes  Gxass,  the  essential  parts  of 
which  are  siliceous  earth,  and  potash  or  soda.  The  .pro- 
portions are  about  two  {larts  of  the  former,  to  from  one 
to  one  and  a  half  of  the  sub-carbonate  of  potash  of  com- 
Bieree:  they  are  intiiiiatefy  tnixed,  and  the  mixture  is  ex- 
posed to  a  heat  sofiieiently  strong  to  eispieA  die  watet'  foid 
caxbonic  acid,  and  efiect  an  imperfect  •c^nbinetioB.  ll»s 
as  completed  by  afterwards  applying  a  iitr<mger  lieat,  s6  as 
to  produce  perfect  fusion,  the  impurities  and  unvitrified 
anatter  being  drawn  off.  The  glass  tlms  formed  i«  mor^ 
transparent  and  colourless,  as  the  nuEterisAs  have  been 
|iure.  Oxide  of  lead  is  «&en  added  to  communicate 
greater  density  and  lastte ;  oxide  of  manganese  to  remore 
the  given  cdbnrproduced  by  iron ;  and  by  the  addition  cff 
odier  metolHc  oxides  In  larg^  proportion,  coloured  glasses 
are  formed. 

Silex  exerts  affinities  to  the  other  eartlis,  and  oomlHttes 
«ridi  the  greater  number  of  them  by  fusion,  fi>rmif^ 
glasses  generally  more  or  less  opaque.  These  aAnilJes  to6 
are  frequently  exerted  in  the  humid  way.  Thus  ^nlec  ifi 
firecifKtated  from  its  soktion  in  potash,  l^  tb^  attraction 
£xerted  to  it  by  bar)^es,  strontites,  and  lime. 
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CHAP  VIL 


OF  ZIRCON* 

The  earth  to  which  this  name  has  been  given,  was  dis- 
covered by  Klaprotb  in  a  fossil,  the  Zircon  or  Jargon, 
brought  as  a  gem  from  Ceylon,  and  it  has  since  been  dift* 
covered  in  the  hyacinth.  It  i3  obtained  from  the  zircoB 
by  fusing  it  after  repeated  calcinations  with  potash,  dis- 
solving in  water,  and  adding  to  the  solution  muriatic  add, 
boiling  it  for  a  short  time  to  precipitate  more  effectusBy 
the  silex,  with  which  the  other  earth  is  combined.  Th? 
filtered  liquor  is  decomposed  by  the  addition  of  carbonate 
of  soda ;  and  the  carbonate  of  zircon  which  is  precipitated 
from  it  is  dried,  and  the  carbonic  acid  expelled  by  heat. 

This  earth,  submitted  to  the  action  of  galvanism  in  cot^ 
tact  with  potassium,  affords  metallic  matter,  which,  whe<^ 
decomposed  by  water,   afforded  a  minute  portion  of    * 
powder,  having  all  the  characters  of  zircon. 

Zircon,  obtained  by  the  above  process,  is  9,  white  po^*^* 
der,  insipid,  and  rough.  When  exposed,  imbedded  ^^ 
charcoal,  to  the  violent  heat  of  a  forge,"  it  undergoes  * 
semi-vitrification ;  becomes  so  hard  as  to  give  fire  wi'^** 
steel;  has  a  brilliant  vitreous  fracture;  and  is  of  agr^X 
colour.  Its  specific  gravity  is  4.3.  When  mixed  wi'*^ 
water,  it  imbibes  it,  and  forms  a  semi-transparent  jeU^'^ 
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and  it  retains  so  much  of  this  in  diying,  as  to  form  a  sub- 
stance in  appearance  like  gum.    -  ^ 

It  combines  with  the  acids,  and  forms  salts  in  general 
sparingly  soluble.  Those  which  are  soluble  have  a  sweet- 
ish astringent  taste.  Its  affinities  to  the  acids  appear 
weak,  as  its  salts  are  in  general  decomposed  by  a  low  heat^ 
as  well  as  by  the  alka]is,  and  all  the  other  earths. 

Zircon  is  insoluble  in  the  liquid  alkalis,  but  is  dissolved 
by  the  alkaline  carbonates.    Its  relations  to  the  earths  are 

argil,  and  a  mixture  of  these  three  earths  is  more  fusible 
than  a  mixture  of  two  of  them.  It.  appears  to  combine 
too  by  Aision  with  some  of  the  metallic  oxides.  On  the 
inflammables  it  exerts  no  action. 


CHAP.  VIIL 


OF  GLUCINE. 


This  earth  was  discovered  by  VauqueUn,  forming  a 
^nstituent  part  of  the  beryl  and  of  the  emerald.  Its  name 
>f  Gludne  is  derived  from  the  property  it  has  of  forming 
^aks  having  a  sweet  taste.  The  process  by  which  he  ob- 
^ned  it  from  the  beryl,  was  to  fiise  one  part  of  it  with 
•liree  parts  of  potash ;  the  mass,  after  cooling,  was  difiiised 
^  water,  and  dissolved  in  muriatic  acid :  the  solution  is 
^aporated  to  dryness^  and,  on  again  dissolving  in  watex) 
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decoiiiix>sed  by  sub-carboimfe  df  ptHash :  the  jfj^edpffifcft 
Wg^ttd  '^ri*  ft  toTtfflohrif  pterc  pkJtAsh;  the  gfeWt^T^ 
of  it,  'c6nf^Sting  Wf  ^g»,  >*rMi  i  p)irtion  6f  ^nSite,  -is  ifr 
«6WM ;  %ttt  tlrfrfe  rAiMis  h  poi^ion  iihdhsc*v^,  VMch  fe 
l!he  gttiViiiie,  ^diflefflW*  cddiSfM  by  4)xHe  ^^  irth. 

Mr  D^\7,  in  SrtyHijJtihfe\he  decomp6s«l6rt  t)f  HGBddrft, 
dbtairiedVestilts  siinflJaor^o't^  ah  aiftil^pm 

"being 'ftnroeid,  Wh^  5t  "hafl  becfn  placed  ih  the  ^alTWfic 
^circuit  with  ihdfcuiy  and  pota^ium  which  decoriJpdaied 
water,  arid  wTiich  rdpf^dttced  'glucine,  wlien'the  UkaKin 
the  Uqtrid  wsts  Uiiittralized  by  an  acid. 

'Gfhlcinfe  obtained  pnre  is  white,  soft  to  the  tbneh,  Slfi 
adheres  a  little  to  the  tongue:  it  is 'inripid j  istrifttsiWe'} 
insoluble  in  water,  but  forms  with  it  a  paste  which  is 
somewhat  ductile ;  this  paste  is  not  hardened  by  heat,  no? 
does  it  contradit.     Its  specific  gravity  is  2.96. 

0 

Glucine  combines  readily  with  the  acids ;  its  salts  are 
generally  soluble,  and  have  a  sweet  taste. 

They  are  decomposed  by  the  alkalis :  the  earth  is  even 
completely  precipitated  by  ammonia,  which  distinguishes 
it  from  argil.     It  is  soluble  in  the  fixed  alkalis,  but  not  i^ 
ammdiiiii*;  it  is  dissolved,  however,  in  ckrbohatc^of  atrfm^ 
liia,  forming  a  triple  sak, — »a  property  diaracteristic  of  i^» 
though  pbsi^ssed  alsb  by  zircon.     It  decomposes  the^i^^^^ 
'ofaYgil.     Its  relations  to 'the  other  earths  arenotknov^* 
With  borax  it  nV61ts  ihto'a  glass. 
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CHAP.  IX. 


Qf  ITTRIA. 

.  This  earth  w?is  4i?(|oy^e4  \)y  G^ito^?,  ^  l^i^^et^sh  cl\^. 
B^st^  in  a  fosi^U  foun^  ^t  Ytterby  ii^  Sweden,  sjnce  n^uxi^ 
^adolinite,  ip  wlpd*  U  is  combined  with  silex  and  %?, 
It  has  since  been  disicoyered  in  some  other  fossils.  In  se? 
veral  pf  its  prop^rti^  |(  res^ble^  gl^^cine^  but  it  (^^^ 
e{rt?r^  in  pthers. 

Tl?^  piTPcess.  fpHqyTpd  by  Vai^quelin  to  al)t^  the  p^xtlj 
&a(x^  titve  gadoli^ite,  ^as  to  dissolve  it  with  t^^  ^stance 
of  }f,eal  in  ^iS^tf4  nitric  «cid,  ppi^ring  qff  th^  solutV>q 
fto^i  ^9  uodls^ojFed  sikx.  Tb^  WqHf?F  i*  ^Y^PPf?^  ^ 
iJnroffis }  O^e  TP^i^V^^F  ^£  di^o^^ed  ffl  w^ter,  the  cpi^- 
ppiqi4  Rf  ^i!?i^  ^f 4  9v4  ittrja"  ii$  pbta^ne^ :  ai{imon[a  if 
SWiifWJy  ^4fidi  fti^d  ^ftpr  t|\e  §^p^^oi^  pf  spy  ofj^e  flf 
iron  in  yellow  flakes,^a  larger  quantity  is  add^Kl^  W)|f  ^  B^^ 
cipitates  the  earth. 

Ittria  is  thus  obtained  in  the  form  of  a  white  powder, 
insipid;  it  is  heavier  than  any  other  earth,  its  specific 
gravity  being  4.842,  It  is  not  fusible  alone,  but  with 
borax  it  forms  a  white  glass.  It  is  not  soluble  in  water, 
but  it  retains  that  fluid  with  considerable  force. 

Ittria  combines  with  the  acids ;  its  salts  have  generally 
a  sweetish  taste.     Several  of  them  too  are  coloured, — ^ 
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property  in  wUch  it  differs  from  die  other  earths.  They 
are  deocnnposed  by  the  Alkalis^  by  lime,  strcmtites,  and 
baiytes. 

Ittria  is  not  dissolved  by  the  liquid  alkalis  $  nor  do  they 
redissolve  it  when  added  in  excess,  after  having  precipi-. 
tated  it  from  its  solutions,  which  distinguished  it  from 
glucine.  It  is  soluble  in  carbonate  of  ammcmia,  but  it  re* 
quires  a  quantity  five  or  six  times  greater  than  glucine 
does.  Prussiate  of  potash  throws  down  from  its  solutions 
a  granular  precipitate,  of  a  white  or  pearl-grey  colour*  It 
is  precipitated  in  grey  flocculi  by  the  infiision  of  galls ;  but 
very  slightly  by  pure  gallic  acid.  It  is  not  afiected  by  sul- 
phuretted hydrogen,  or  hydro-sulphuret  of  ammonia. 

The  great  specific  gravity  of  this  earth,  its  forming 
coloured  salts,  and  being  precipitated  by  the  alkaline  prus- 
siates  and  by  tannin  from  its  solutions,  in  some  measure 
connect  it  with  the  metals,  and  it  probably  ought  to  be 
regarded  as  a  metallic  oxide.  It  is  not  reduced,  however, 
to  the  metalUc  state  by  heating  it  with  charcoal,  but  it 
runs  with  it  into  a  kind  of  semi-fiuid  mass,  which  is 
heavier  than  the  earth  itself.  It  has  not  been  submitted 
to  the  action  of  galvanism. 
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BOOK  V. 

OF  ACIDS  AND  THEIB  QASES* 

A  ciDS  form  an  order  of  chemical  agents,  distinguished  by 
urery  appropriate  characters^  and  extremely  important  in 
their  chemical  relations,  partly  from  the  numerous  and 
power&l  affinities  they  directly  exert,  and  partly  from  the 
chf^igea  they  produce  in  bodies  by  the  communication  of 
oxygen.  They  are  compounds  of  ini^ammable  base^  with 
oxygen ;  and  in  conformity  to  the  arrangement  I  have  a- 
dopted)  the.  chemical  history  of  these  bases  is  to  be  con- 
nec^iejd  with  the  history  of  the  individual  acids. 

The  following  are  the  properties  characteristic  of  the 
lacida.  They  are  all  sour  to  the  taste ;  they  change  the 
blue,  porpkand  red  colours  of  vegetables  to  a  red ;  they  in 
general  have  a  considerable  affinity  to  water,  and  com- 
bine readily  with  it)  they  dissolve  the  metals;  and. they 
combine  with  the  alkalis  and  earths,  forming  compounds, 
in  which,  when  .the  due  proportion  is  observed,  the  pro- 
perties of  the  acid  and  of  the  saUfiable^base  with  which  it 
unites  are  mutually  lost.  * 

Tlie  last  property,  that  of  iseutralizing  the  properties  of 
alkalis,  is  the  one  most  eminently  characteristic  of  acids ; 
and  these  two  orders  of  chemical  agents  may  be  consider- 
ed as  in  their  chen>ical  relations  opposed  to  each  other, 
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the  one  always  weakening  the  powers  of  the  other.  Ii 
combining,  the  acidity  is  diminished  in  proportion  to  the 
power  and  the  quantity  of  alkali  added:  the  property  of  al- 
kalinity is  equally  weakened  in  proportion  to  the  quantity 
and  power  of  the  acid  brought  into  combination  ;  and  in 
all  these  cases  there  is  a  certain  proportion  of  acid  and  <^ 
alkali>  in  which,  if  the  combination  is  established,  the  pro- 
Arties  of  neither  ore  apparent,  but  are  mutually  neutra- 
lised. The  compound  formed  at  this  pr<qportion,  is  in 
chemical  language  named  a  Neutral  Salt.  It  can  alwq^s 
be  obtained  in  a  solid  state,  and  generally  crystaUhBed 

It  has  usually  been  supposed,  that  an  acid  and  a&sli 
have  a  tendency  to  combine  more  peculiarly  in  this  pro- 
portion in  which  mutual  ncutmlization  is  produced :  and 
when  compounds  are  obtained  insulated,  with  on  excess  e* 
ther  of  acid  or  of  alkali,  it  has  been  supposed  tibat  such 
compounds  do  not  arise  from  the  immediate  combinatum 
of  the  acid  and  alkali,  but  are  formed  from  an  affinity  ex- 
erted by  the  neutral  salt  to  an  excess  of  either  of  its  ingre- 
dients. There  are  no  just  foundations,  however,  for  such 
aji  hypothesis.  The  theory  connected  with  the  most  just 
views  of  the  operation  of  chemical  affinity,  and  most  di- 
rectly inferred  from  the  phenomena,  is  that  an  acid  and  an 
alkali  arc  disposed  to  combine  in  every  proportion,  each 
weakening  the  properties  of  the  other,  in  proportion  to  the 
quantity  of  it  prdlent  ;  and  that  the  separation  of  the 
compound  takes  place  at  that  stage  of  the  combination 
where  the  force  of  cohesion  is  exerted  with  greatest 
strength :  this  will  generally  coincide  with  the  point  of 
neutralization,  because  there  the  attractive  poM\Ter  of  the 
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ive  elements  is  exerted  with  greatest  finxe,  and  tba 
fxmdensatioii  is  therefore  greatest ;  but  where  circomstan'* 
ces  of^se  thiei,  or. give  rise  to  a  gneeter  tendency  to  oohe* 
■soti  at  another  stage  of  the  combination^  the  xxunpoimd 
auty  become  imulated  with  an  eaecejss  of  either  of  its  inrpi 
gredients.  The  cause  most  commonly  productive  of  this» 
i»  that  of  one  of  the  elements  having  a  greater  tendency  to 
poss  to  the  sdid  form  than  the  other,  this,  prevailing  so  &r 
as  frequently  to  produce  the  separation  of  the  oompoond 
with  an  excess  of  this  ingredient^  In  all  these  cases,  how^ 
ever,  whether  the .  compound  is  separated  in  the  neutral 
state  or  not,  the  separation  of  it  in  that  s^ate^  and  of  course 
die  determination,  of  the  combination  in  the  prc^Kirtions  at 
iribich  this  tiaf^ens,  is  the  result  of  the  operation  of  exter* 
mi  forces ;  and  the  immediate  effect  of  the  mutual  affini* 
ty  itself  is  to  unite  the  acid  and  alkali  in  all  prqporticHis. 
Hhh  accordingly  is  the  result,  wherever  no  interruption  of 
the  progress  of  the  combination  takes  place  from  the  ope^ 
xation  of  these  foreign  powers* 

-  'The  relations  of  the  acids  to  the  earths  is  perfectly  isimi* 
iar ;  they  produce  by  their  combination  mutual  neutraU*^ 
nation  of  properties,  and  form  compounds  analogous  to 
the  alkaline  neutral  salts;  while  the  combination  is  also 
not  limited  to  this,  but  may  be  established  so  as  to  form 
compounds  with  an  excess  either  of  add  or  of  earth. 

The  different  acids  differ  greatly  in  their  power  of  neu- 
tralizing the  alkalis  and  earths,  so'that  to  produce  the  state 
of  neutralization  very  different  quantities  are  required ; 
and  conversely  the  alkalis  and  earths  differ  as  much  from 
each  other  in  their  power  of  nentraliaing  the  acids.    Ac- 


^78  OF  ACIDS 

cording  to  the  view  delivered  by  BerthoIIet»  tlie  energy  of 
the  respective  afiinities  of  the  acids  to  the  alkalis  and  earthi 
is  indicated  by  their  rdative  powers  of  producing  this  neu- 
tralization, the  difierait  substances  being  compared  in  the 
same  relative  weights ;  as  the  affinities  of  the  different  alf 
kalis  and  earths  to  the  adds  may  also  be  judged  of  &tm 
their  power  of  neutralizing  them^— the  less  of  any  of  these 
substances,  whether  acid,  on.  the  one  hand,  or  alkali  or 
earth  on  the  other,  which  is  required  to  neutralize  a  given 
quantity  of  another  of  the  opposite  order,  the  stronger 
being  its  attraction  towards  it.  I  have,  at  the  end  of  the 
chiqjter  on  Chemical  Attraction,  given  the  tables  of  Kir* 
wan  and  llichter,  which  present  the  results  of  the  experi- 
ments that  have  been  made  on.  the  relative  quantities  of 
the  different  acids,  and  the  salifiable  bases  that  are  requi?" 
site  to  produce  reciprocal  neutralization. 

The  action  of  the  acids  on  the  metals  is  more  complica- 
ted. An  acid  does  not  directly  combine  with  a.  metal; 
the  metal  must  always  be  oxidated.  Hence,  if  it  is  not 
previously  oxidated,  the  first  action  of  the  acid  is  to  com^ 
municate  oxygen,  either  a  portion  of  the  oxygen  which  it 
contains,  or  a  portion  of  the  oxygen  of  the  water  present, 
or  sometimes  of  the  atmospheric  air ;  and  with  the  oxide 
thus  formed  the  acid  combines.  The  relation  of  the  oxide 
is  then  precisely  the  same  as  that  of  an  alkali  or  earth  to 
an  acid  ;  they  produce  mutual  neutralization  of  properties 
in  the  necessary  proportions^  and  the  compounds  formed 
are  perfectly  analogous  to  neutral  salts.  They  are  named 
Metallic  Salts. 

The  Neutral  Sajlts,  whether  alkaline,  earthy,  or  me^ 
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tallicy  have  certsdn  properties  as  an  order  by  which  they 

are  characterized)  and  a  common  nomendatnre  is  applied 

to  them,  which  it  is  neAfsary  to  explain,  as  the  history  of 

these  compounds,  at  least  those  of  them  formed  fix>m  th# 

alkldis  and  earths,  is  connected  with  that  of  the  respective 

acids* 

In  ^neral  they  are  soluble  in  water,  though  they  difier 
much  in  the  degree  of  sc^nbility :  where  more  than  1000 
parts  of  wateic  are  required  for  the  solution  of  a  salt,  as  ths* 
quantity  dissolved  is  not  appreciable^  imless  by  a  very  ac**- 
eturate  explriment,  such  salts  are  r^arded  as  insoluble. 
The*  solution  of  salts  in  water  is  augmented  by  increase  of 
temperature,  this  weakening  the  force  of  cohesion,  which 
counteracts  the  power  of  attraction  exerted  by  the  water 
to  the  salt,  as  has  been  already  explained.  And  from  the 
various  forces  of  cohesion  in  different  salts^  the  solvent 
power  is  veiy  unequally  increased  by  the  same  augmenta- 
tion of  temperature. 

A  Bsit  may  be  recovered  from  its  solution  by  evapora*' 
lion  6f  the  whole,  or  even  of  part  of  the  solvent.  If  the 
evaporation  has  not  been  carried  too  &r,  so  that  cohesion 
b  forcibly  and  irregularly  exerted,  producing  merely  ag^ 
gregation  of  the  particles,  the  salt  is  procured  in  a  crystal- 
lized form,  that  is,  in  small  masses,  transparent,  and  of 
regular  geometric  figures,  denominated  CSrjrstals.  Each 
salt  takes  on  a  figure  peculiar  to  it,  and  hence  the  figures 
of  the  crjrstals  serve  to  distinguish  them,  though  these 
are  also  liable  to  be  somewhat  varied  by  circumstan- 
ces. Some  salts  are  crystallized  with  difficulty ;  while,  with 
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negird  to  odwifsr  ^  cpy^iHJimkioni  i^  easily  effk^K^  ^ 

tio%  HMXfe  regular  and  liiif*er  cjfgaifik  are  fpf9e4t  %W 

tef  a  «ak  hw  cfystoUized,  coQtouaPa  of  oo^rwi  ^  fv^^Ptim  oj^ 
the  same  salt,  wliich  by  a  second  evaporation  may  b^  di»^ 

Ciy»telU2H}d  saUnaivaya  r^9ii  portion  of  wateyji  ind^eh 
ia  ossontiol  to  the  crystals  th^  trmi|)^^pency  and  c^^doo 
being  ki^t  when  it  m  ivbf£ra«te^  Th?  qMantii^  i^  ^ei^r  yar 
rioQft»  and  19  in  49me  eases  liurge»  ^mounting  tp  ipM^re  ^^ 
the  weight  of  tbe  real  a^t* 

From  th«ir  rel^jtion^  ifi  water*  o^tral  saltit  derive  soRie 

qf  their  distin<>tiYe  propc)rtie9*      Som^  pf  the^^  Uqi^i 

from  the  application  of  a  mod^rat^  heat»  owing  tp  th^  ^ 
vent  power  of  their  wat^r  of  ery^tallisation  bein^  augm^^ 
ed ;  and  accordinglyi  when  this  is  dissipated  by  a  coa* 
tinuance  of  the  heat,  a  dry  mass  remains.  This  is  i)an^ 
the  Watery  Fq^iotn  of  Salts,  and  takes  place  prin(jipally 
in  those  vrbich  contain  a  Ia?^e  quantity  q£  water,     §omg, 

when  heated  qnickly,  decrepitate  from  th^  ?udden  fxspf^p- 

sion  into  vaponr  of  the  pmall  quai)tity  of  water  of  crystal- 
lil^on  th^  c(]«niaii^.  Th^  crystals  of  many  §alt^  lose 
their  tran^parmicy  from  ej^poijHre  tp  the  air,  a^  PQv^ed 
with  a  cnisti  and  at  length  faU  into  ppwdpr.  This,  winpb 
is  named  £$prescenQej  ariae§  &Qin  the  abstraetion  qf  (heir 
water  o£  crystaUii^ipn  by  th?  air-  Other  sa}ts  attraet  V9r. 
ter  &om  tlie  air,  so  fus  to  become  humid,  and  at  l^gt^ 
liquid.  Tins  property,  named  Deliquescence,  ^ises  fr.oai 
the  strong  attraction  of  these  salts  to  water. 
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t    it  Mnokis  to  ^sqplidfi  the  nmnSBuAMCte  yt^  addb^Rid 

r-  AdfcU  iieitig  i^g^Nied  as  ceMfwcRids  of  ¥ig)yii  %ilii 
elirtani  ba^S)  liie  tiitnib  «(<eflcii  ts^dilrft^ifiNiai'thetMM 
(rf^'tvUch  it  k  foi'tRed.  B»t  ifls  liiis  hmsis  is  clft^  4mfA^ 
Iff  oenfeAbning  Hvith  two  >{ni6poniolte  '%f  ^Otj^ft^  Md  t4S( 
filk%ii^  two  acidB  dffi^fltett  ftom  «lfc)i  dtteiv  <Afe^  ffffitt 
te  ^mtingmsfaed,  -md  Urn  is  ^dMe  bf  k  irttinfiiebi  -in  ikt 
%matamkni  <tf  ike  n^am^  lAie  syMik  ic  i^^k^  ^dhe  ^ftirf 
Qiib,  ^¥h«n  thk  ftcid  is  the(€ftieiMlli^a;d^fa!»sttte  Jitrgi^ 
fXfopoitioii  of  oxjikgef^  «Hd  M^^w^feifre  4t  eonMim'tbe  ^ttuA* 
^  {n^OfiorticQi.  1%U8  so^htir,  by  (k>mbhtttticm  wldt^itt^jr^ 
gen  in  two  p]rop<Ati6lis,  fenns  two  «^did»5  ^tlie  t^mi^^l- 
{ihur  k  the  radicbl  whenoe  Arikr  slimes  Mre  cterived ;  ^du^ 
oney  'that  with  flie  less  dose  of  oseyg^,  -fe'die'Sult^tniocm 
Acid  ;  the  other,  the  Sulphuric.  We  have  thus  ako  the 
Riospfaoroiis  and  the  'Riosphcmc,  Nittiocfi&:mid  Nitric,  &c. 

Where  t9ie  base  gives  rise  -to  ^otilyoife  4icid,  -the  'tiame 
tdrlnindtes  in  ic^  as  in  the  «xi^iiple  Carbdnic  Add.  The 
4cids  belonging  to  the  vegetttUe  "anil  ttifitnal  kiagddiaas 
tertre  a  compound  'base,  from  whieh  Ae  'mltne  osannot  be 
<d^ived^  it  is  -taken,  therefore,  from  the  liubdttihce^from 
whi^  thejr  kre  fonnedor  pf^pietr^d|  as  the  CitHo,  MiAlie^ 
Prussic,  &c. 

The  nomenchtttre  of  the  salts,  formed  by -the  union  of 
idieadds 'With  the  -alkalis,  earths,  aiid  metallit  Oiddes,  -h 
«qul%lly '  Systematic.  All  the  -salts  formed  from  one  '■  add 
are  considered  as  a  genus,  under  'which  are  plae^  as 
species  the  individual  salts,  formed  by  the  union  of  that 
acid  with  these  different  bases.     The  generic  name  is  de- 
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rivedy  therefiire»  from  the  name  of  the  acid ;  the 
name  from  that  of  the  base.  When  the  name  of  the  acid 
of  which  the  salt  is  composed  is  that  which  terminates  in 
iCf  the  final  syllable  of  the  name  of  the  salt  is  a/,  or  la- 
ther, as  Mr  Ch^ievix  has  remarked^  ate ;  when»  againi 
the  name  of  the  acid  terminates  in  oasy  that  of  the  salt 
formed  from  it  fias  the  last  syllable  ite.  Thns,  all  tlie 
salts  formed  from  sulphuric  add,  constitute  a  genus  to 
which  the  nangie  Sulphate  is  appUed,  and  the  species  are 
designated  by  the  addition  of  the  name  of  the  base>  as  the 
Sulphate  of  Soda,  Sulphate  of  P(>tash,  Sulphate  of  Limc^ 
Sulphate  of  Iron.  Those,  again,  formed  by  the  sulfdm* 
rous  acid,  are  named  Sulphites,  as  the  Sulphite  of  Ammo» 
nia,  &c.  On  the  same  principle,  we  have  Nitrates  andi 
Nitrites,  Phosphates  and  Phosphites,  Muriates,  Carbo* 
nates,  &c. 

Salts  are  sometimes  formed  .with  an  excess  of  acid 
or  of  base;  and  to  denote  these  a  method  was  pro- 
posed by  Dr  Pearson,  which  has  been  adopted.  The 
genus  being  formed  from  the  acid,  when  there  is  an  ex- 
cess of  acid  in  a  salt,  the  epithet  super  is  prefixed  to  the 
name,  when  a  deficiency  of  acid,  the  epithet  sub.  We 
thus  speak  of  the  Super-sulphate  of  Potash,  the  Sub-car- 
bonate of  Soda,  &c. 

Where  an  acid  is  united  with  two  bases,  as  is  some- 
times the  case,  the  names  of  both  bases  enter  into  its 
name, — as  the  Sulphate  of  Argil  and  Potash,  or  the  Tar* 
trate  of  Potash  and  Soda. 
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■i  AciBd,  as  has  been  already  stated)  have  id  the' modern 
ig^atem  of  chemistry  been  regarded  as  compomids  of  <XKy- 
geu  with  certain  bases,  and  this  appeared  to  be  establish^ 
ed  by  a  very  ample  induction,  resting  both  on  analytic 
and  synthetic  chemical  investigations.  Without  invalidat- 
ing it  to  a  certain  extent,  its  universality  has  lately  been 
ji^dered  doubtful,  and  the  singular  pr(^x>8ition  i^ears  to 
be  supported  by  Mr  Davy's  researches,  that  there  exists 

an  acidifying  principle  different  from  oxygen,  and  even 

• 

superior  to'it  in  energy  of  action*  Qxy-muriatic  acid,  as 
it,has  been  named,  a  substance  hitherto  regarded  as  a 
compound  of  oxygen  and  muriatic  acid,  Mr  Davy  has 
found  reason  to  conclude,  contains  no  oxygen,  but  is 
a  simple  substance.  It  belongs  to  the  same  class  with 
oxygen,  in  a  chemical  arrangement  i  it  displays  the  same 
relation  to  galvanic  electricity,  being  attracted  to  the  posi- 
tive side  of  a  galvanic  arrangement,  and  being  therefore 
itself  negative ;  and  on  the  hypoth^is,  adds  Mr.  Davy,  of 
the  connection  of  chemical  attraction  with  electrical 
ppwers,  all  its  energies  of  combination'  correspond  with 
,  those  of  a  body  supposed  to  be  negative  in  a  high  degree. 
In  combining  with  inflammable  substances,  it  forms  acid 
compounds  :  muriatic  acid,  for  example,  is  a  compound  cf 
it.  with  hydrogen,  and  other  acid  products  are  formed  by 
ether  combinations.  The  statement  of  the  evidence  on 
which,  these  conclusions  rest,  belongs  to  the  history  of  this 
substance,  and  of  muriatic  acid.  It  is^sui&cient  to  ha^e 
given  this  brief  view,  as  connected  with  the  theory  oi  aci- 
dity, and  in  considering  the  revolutions  which  chemical 
science  at  present  undergoes,  we  can  scarcely  suppose  that 
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tliit  28  the  ultimate  stage  of  the  investigstioii.  Thefe  is 
some  iii^ir(di>ability  in  the  suiqxmtion  of  the  existence  ef 
two  acidifying  principles,  and  discovery  may  in  no  long 
time  unfold  new  rdations  amid  these  singular  facts^  axid 
lead  perhiq>8  to  a  more  simple  theory. 

•If  these  condusionsy  however,  were  established,  dMjf 
would  lead  perhaps  to  a  di^ent  view  of  the  theory  of 
acidity.  This  in  the  present  chemical  system  is  suppos- 
ed to  be  a  prc^erty  more  peculiarly  derived  from  oxygen. 
But  it  is  possible  that  it  may  be  a  property  derived  raedier 
from  the  bases  which  form  acids,  devdoped  only  by  the 
combination  of  these  bases  with  prmc^les  which  coaumi- 
nicate  to  them  sdlubility  and  greater  energy  of  eheHBoal 
action,  and  appearing  Avherever  the  substances  pvddttdng 
this  efifect  are  not  such  as  neutralize  acidity  itself*  Qsy- 
gen  is  the  element  that  usually  gives  rise  to  this  result  j  bat, 
according  to  this  view,  it  may  arise  from  the  action  of 
others,  from  hydrogen  for  example-,  and  the  producti(m 
of  acidity  in  sulphuretted  hydrogen,  which  has  alwA}« 
been  regarded  as  anomalous,  may  thus  be  accounted  fer. 
T^e  acidifying  operaition  of  oxy-muriatic  acid,  if  it  is  a 
simple  substance,  and  exert  such  an  op(H*ation,  will  M  to 
be  explained  from  the  same  principle.  And  the  singular 
fact,  that  the  acid  powers  of  oxymuriatic  acid  (supposing 
it  to  be  a  compound  of  muriatic  acid  and  oxj'^g^i)  are  in- 
ferior to  those  of  muriatic  acid,  is  equally  in  conformity  to 
this  theory,  whik  it  is  undoubtedly  adverse  to  the  hypo- 
thesis, that  acidity  is  derived  from  oxygen. 
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CHAP.  I. 


QW  NXTBIC  AClDf  Alf B  THE  OTHBR  GOMBINATIODIS  OF 
liTITBOGEN  WITH  0:KTG£N. 

'  .    •  w 

■    ■  ■  1 

JifiTBic  Addf  long  known  to  cbemisto  in  a  state  of 
plater  or  ksa  pimtyy  is  a  compound  df  oxygen  and  nitro- 
sgien^  and  the  properties  of  nitrogen  having  been  ahready 
conwd|eirffd,  the  history  of  the  acid  itself,  and  of  the  other 
compounds  which  nitrogen  forms  with  oxygen,  remains  to 
be  deliirered  ^nder  this  chapt^.  With  a  smaller  propor- 
tion of  oxygen  than  what  enters  into  the  composition  of 
nitric,  acid,  a  compound  is  fi^rmed,  having  no  acid  pro- 
perties, denominated  therefore  Nitric  Oxide.  With  a 
still  smaller  proportion,  another  compound  of  uni&rjEn 
composition  is  produced,  named  Nitrous  Oq^de.  And 
Hrben  nitric  acid  bas  imbibed  a  portion  of  nitric  oxide,  jijt 
aoqpiires  some  peculiar  propeities,  and  ip  this  state  hfL&  xpr 
pttycid  the  distinctive  appellation  of  Nitrous  Acid. 
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Mka-oa—MM^^B'kA' 


Sect.  I. — Qf  Nitric  Acid. 

This  acid  being  capaUe  of  being  extracted  withoat 
much  difficulty  firom  a  salt  in  whidi  it  exiMs^^-eioitiiaon 
nitre^  had  been  long  known  to  the  chiemistSj  and  in  a  di- 
luted  state  had  been  used  in  the^  chemical  arts,  und^  the 
name  of  Aquafortis.  Priestley  observed  its -partial  de- 
composition,  and  its  reproduction  from  the  union  (^nitric 
oxide  the  product  of  that  decomposition,  with  oigrg^* 
Cavendish  discovered  its  ultimate  composition,  and  proved 
that  nitrogen  is  its' base. 

This  was  done  by  a  very  simple  experiment,-«4akii^ 
the  electric  spark  for  a  considerable  time  in  atmospheric 
air,  confined  in  a  tube.  ^The  air  suffered  diminution  of 
volume,  an  acid  was  produced,  and  this  acid  was  found  to 
be  the  nitric.  If  a  portion  of  oxygen  gas  were  added  to 
the  atmospheric  air,  and  the  electric  spark  continued  suf- 
ficiently long,  the  disappearance  of  the  whole  was  nearly 
complete,  and  a  similar  result  was  obtained,  from  submit- 
ting to  experiment  a  mixture  of  oxygen  and  nitrogen 
gases.  In  all  these  cases,  the  electric  spark  establishes 
the  combination  of  the  gravitating  matter  of  the  two 
gases,  and  the  principal  peculiarity  which  attends  this  is 
the  slowness  with  which  it  takes  place,  and  its  not  being 
accompanied  with  any  sensible  extrication  of  heat  or  light. 

The  combination  is  effected  in  other  modes,  in  which 
the  gases  are  presented  in  their  nascent  state,  as  in  pass. 
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iflg  the  viq^our  of  ammonia  over  black  oxide  of , manga- 
nese raised  to  a  red  heat. 

Analysis  likewise  establishes  the  composition  of  nitric 
acid.  If  it  be  passed  through  an  ignited  gfiiss  or  earthai 
tube,  it  is  resolved  into  oxygen  ai»d  nitrogen  gases ;  its 
.saline  con^unds  exposed  to  a  red  heat  afford  the  same 
elements;  and  its  oxygen  can  be  abstracted  by. inflamma- 
ble substances,  its  nitrog^  being  evolved  either  pore,  or 
retaining  a  portion  of  oxygen  combined  with  it,  which  by 
farther  operations  may  be  abstracted.  I    . 

The  proportions  of  its  principles  have  been  variously 
stated.  Those  assigned  by  Cavendish  were  72,2  of  oxy- 
gen, with  27.8  of  nitrogen  \  and  Mr  Davy  has  stated 
them  not  far  different  from  these,  at.  70.5  oxygen,  and 
29.5  of  nitrogen. 

This  acid  is  always  obtained  ^om  the  decomposition  of 
nitre,  a  siEdt  in  which  it  exists  combined  with  potash,  and 
the  process  usually  followed  is  that  by  the  medium, of  sulr- 
phuric.  acid.  Two  parts  of  nitre  in  coarse  powder  are 
put  into  a  retort,  and  rather  more  than  one  p^  of  sul- 
phuric acid  is  poured  upon  it,  the  retort  being  placed  in  a 
sand  bath,  and  connected  with  a  large  receiver..  A. mo- 
derate  heat  is  applied  to  produce  distillation,  and  towards 
the.end  is  gradually  raised.  The  sulphuric  acid  combines 
with  the  potash  of  the  nitre,  and  disengages  the  nitric 
add,  this  decomposition  being  effected  p^tly  from  the 
greater  volatility  of  the  nitiic  than  of  the  sulphuric  acid, 
and  partly  from  the  affinity  of  the  sulphuric  acfci,  aided  by 
the  quantity  in  which  it  is  employed,  this  quantity  being 
greater  than  that  required  to  saturate  the  potash  of  the 

Bb2 
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nitre,  and  die  residual  mass  contaiiiiiig  therefere  a  ton- 
siderable  excess  of  acid.  The  nitric  add,  howevier,  vhoi 
disengaged,  k  also  partially  decomposed ;  losing  a  litde  of 
its  oxygen,  a  porticm  of  it  passes  to  tbe  state  of  nitrie  ox- 
ide, and  this  being  absorbed  by  the  acid  whidi  distik 
over,  gives  it  a  yellow  odour  more  or  less  deep,  or  oen- 
verts  it  into  nitrous  add.  This  decomposition  appears  to 
arise  in  a  great  measure  from  the  aiction  of  the  high  tem- 
'perature,  and  hence  it  takes  place  principal  towards  die 
end  of  the  distillation. 

In  consequence  of  it,  an  additional  process  is  requisite  to 
obtain  nitric  add.  Hie  coloured  add  is  exposed  to  a 
gentle  heat,  applied  by  a  water  bath  ;  the  nitric  oxide 
holding  a  portion  of  nitric  add  comlnned  with  it  is  ex- 
pelled, and  it  becomes  at  length  nearly  colourless ;  or, 
what  succeeds  more  completely,  the  nitrous  acid  is  distill- 
ed from  a  little  black  oxide  of  manganese,  which  impart- 
ing to  it  oxygen,  converts  it  into  nitric. 

Nitric  acid  is  colourless  and  transparent :  it  emits  white 
vapours,  having  a  peculiar  odouj.  Its  specific  gravity  is 
from  165  to  158.  It  has  all  the  acid  properties,  tastes 
sour  even  when  much  diluted,  reddens  the  vegetable  co- 
lours, and  neutralizes  the  properties  of  the  alkalis  and 
others.  It  contains  in  the  strongest  state  in  which  it  has 
been  obtained  a  quantity  of  water ;  the  precise  proportion 
is  not  very  easily  estimated,  but  Kirwan  has  inferred  that 
in  the  strongest  acid  that  can  be  procured,  that  of  the 
specific  gravity  of  1.5543,  at  60°,  the  water  is  equal  to  26^ 
in  100  parts. 

This  acid  freezes  by  cold,  the  facility  of  congelation  va- 
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Yying  ccmsideraUy,  aocordiDg  to  jU  state  of  ccmcentration : 
if  it  is  highly  ooncentratedj  or  if,  on  the  other  hand,  it  ig 
much  diluted,  it  freezes  with  more  difficulty  than  when  of 
intermediate  strength.  It  is  YolatiIi2sed  by  heat,  and  par« 
tially  decomposed,  and  at  the  temperature  of  ignition,  the 
'  decomposition  is  complete,  and  it  is  resolved  mto  oxygen 
and  nitrogen  gases.  A  partial  decomposition  of  it  is  also 
effected  by  %ht ;  oxygen  is  esqpelled,  and  it  passes  lo  the 
state  of  nitrous  acid. 

Nitric  acid  has  a  considerable  affinity  to  water :  it  at- 
tracts it  from  the  atmosphere,  and  it  combines  wi&  it  in 
^very  proportion.  In  consequence  of  this  affinity,  too^  it 
acts  with  energy  on  ice  and  snow,  liquefying  them  rapid- 
ly, and  thus  producing  intense  cold. 

The  affinity  between  the  elements  of  this  acid,  not  being 
powerful,  it  is  decomposed  by  a  number  of  metallic  and 
inflammable  substances  which  attract  its  cocygen  partially 
or  completely  \  and  in  consequence  of  this  facili^  with 
which  it  yidds  oxygen,  it  acts  with  much  energy  qn  these 
substances. 

It  combines  with  the  alkalis,  earths  and  metallic  oxides, 
forming  salts,  denominated  Nitrates.  These  are  uniform- 
ly soluble  in  water  and  crystallizable ;  they  have  a  cool  pe- 
netrating taste  \  are  decomposed  at  a  high  temperature, 
affi)rding  oxygen,  and  in  consequence  of  this  deflagrate, 
when  heated  with  combustible  bodies. 

Nitrate  of  Potash  is  the  salt  well  known  by  the 
name  of  Nitre,  or  Saltpetre.  In  warm  climates  it  is,  un- 
der certain  circumstances,  formed  spontaneously  at  the 
sipr&ce  of  the  soil  \  it  is  thus  procured  in  India,  whence 
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the  nitre  we'  use  is  imported.  In  some  countriei  of 
Eurcpe,  the  production  of  it  is  favoured  by  artificial  ar« 
rangements.  V^etable  and  animid  substances^  with  an 
intermixture  of  old  plaster,  mortar,  or  other  forms  of  car- 
bonate  of  lime,  are  put  into  ditches  lined  with  clay^  and 
covered  with  sheds  to  protect  them  from  the  rain,  while 
the  air  is  admitted.  They  are  turned  up  occasion^, 
and  it  the  end  of  a  few  months,  when  washed  with  -^ater, 
afford  nitrates  of  potash  and  lime.  A  quantity  of  wood 
ashes  is  added  to  the  solution,  the  potash  of  which  decom- 
poses  the  nitrate  of  lime,  and  increases  the  product  of  ni- 
trate of  potash ;  this  salt  is  bbtained  in  crystals  by  evi^ 
ration,  and  is  purified  from  a  portion  of  muriate  of  soda 
and  other  saline  matter  which  adheres  to  it,  by  repeated 
solutions  and  crystallizations. 

As  the  nitre  does  not  pre-exist  in  these  materials,  and 
as  indeed  a  fresh  quantity  may  be  obtained  by  exposing 
them  again  under  the  same  circumstances  to  the  air,  it  is 
obvious  that  it  is  formed  in  the  process.  It  has  been  as- 
certained, that  to  the  mixture  of  animal  and  vegetable 
matter,  the  addition  of  carbonate  of  lime  is  necessarj^,  and 
the  admission  of  the  atmospheric  air  is  indispensable. 
The  theory  of  the  process  probably  is,  that  the  nitrogen 
of  the  animal  matter  conibmes  with  the  oxygen  of  the  air, 
and  perhaps  with  apportion  of  the  oxygen  of  the  vegetable 
matter,  and  forms  the  acid :  the  carbonate  of  lime  may 
favour  this  combination  by  the  resulting  affinity  exerted 
by  the  lime,  and  it  will  attract  the  acid  as  it  is  formed  :  the 
vegetable  matter  moderates  the  decomposition  of  the  ani- 
mal substances,  and  prevents  their  running  into  that  pu- 
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trefkbtidn  by  which  the  nitrogen  is  spent  in  thefonnaticm 
of  ammonia ;  it  may  fartho:  afford  the  potash,  "which  is 
die  base  of  the '  nitre,  though  it  has  ako  been  suppoiied 
diat  a  part  of  this  is  formed  in  the  process.  A  certain.de* 
gree  ef  hmnidity  favours  the  mutual  actions  whence  these 
cominnations  arise,  and  difiiises  m^ore  equally  through  the 
matmab  the  nitrous  salts. 

Mitre  crystallizes  in  six-sided  prisms  acuminated  by 
six  planes;  its  taste  is  cool;  it  is  soluble  in  seven  parts  of 
water  at  60®,  a  production  of  cold  attending  its  solution, 
and  in  an  equal  weight  of  boiling  water.  It  melts  easify : 
if  the  heat  be  raised,  a  partial  decomposition  of  the  acid 
takes  place,  and  oxygen  gas  is  expelled ;  and  at  the  tern- 
perature  of  full  ignition,  the  decomposition  is  more  com- 
plete,  and  oxygen  and  nitrogeri  gases  are  disengaged. 

It  is  from  this  facility  of  decomposition  by  heat  that 
nitre  produces  deflagration,  as  has  been  already  explam- 
ed,  its  oxygen  being  communicated  to  any  inflammal^ 
body  with  which  it  is  exposed  even  to  a  moderate  heat, 
witii  such  rapidity  that  the  phenomena  of  combustion  are 
produced.  It  is  from  this  that  it  is  the  principal  ingre- 
di^it  in  the  composition  of  gun-powder,  which  consists  t>f 
75  parts  of  it  by  weight  with  16  of  charcoal,  and  9  of  sulphiu". 
These  ingredients  are  reduced  to  a  state  of  perfect  inter- 
mixture by  continued  trituration,  a  small  quantity  of  wa- 
ter being  added  to  favour  this ;  the  paste  into  which  the 
composition  is  at  length  brought,  is  granulated  by  press- 
ing it  through  a  sieve,  and  the  grains,  after  they  are  dry, 
are  rounded  and  glazed  by  friction  from  agitation.  The 
deflagration  of  the  gun-powder,  when 'an  ignited  sparic 
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faUii  on  it^  »  of  iDourae  ovdng  to  the  rapid  eooBimii* 
nication  of  the  oxygen  to  the  sulphur  and  the  chax^ 
ooal,  the  sulphur  in  particular  being  easify  inflamedi 
and  its  great  expanaive  force  depends  on  the  sadden  ex* 
trication  of  the  aerial  products^ — su^hureoua  md  apd 
carbonic  add  formed  by  the  oxygenaticm  of  the  so^ur 
and  charcoal,  and  nitrc^n  froin  the  decompoaition  of  the 
aoid^  probably  ^dth  Watery  vapour,  the'dasticity  of  these 
being  increased  by  the  caloric  rendered  saisible.  Anoth^ 
detonating  composition  still  more  powerful  than.gun-pow- 
der»  of  which  nitre  is  the  principal  in^edient,  is  that 
named  Pidvis  Ftdminans.  It  consists  of  three  parts  of 
nitre,  two  of  sub-carbonate  of  potash,  and  one  of  sd^^diiir 
triturated  tc^ether :  when  heated,  it  explodes  with  a  very 
loud  report.  Its  detonation  appears  to  be  owing  to  the 
formation  of  sulphuret  of  potash,  which,  re-«u^ing  on  the 
water  contained  in  the  salts,  disengages  sulphuretted  hy- 
drogen, and  this  presented  in  its  nascent  state  to  the  oxy- 
gen of  the  nitre,  forms  sulphurous  acid  and  watery  vapour 
in  a  state  of  high  elasticity  from  the  caloric  disengaged. 

Nitrate  of  Soda  crystallizes  in  rhomboidal  prisms. 
Its  taste  is  cool  and  penetrating  j  it  slightly  attracts  mois- 
ture from  the  air  j  it  is  soluble  in  three  parts  of  water  at  the 
temperature  of  60^  and  in  an  equal  weight  of  boiling  wa- 
ter ;  it  is  scarcely  so  fusible  as  the  nitrate  of  potash,  but  is 
decomposed  by  heat  in  the  same  manner,  and,  like  it,  ex- 
cites deflagration  when  heated  with  inflammable  sub- 
stances. 

Nitrate  of  Ammonia  crystallizes  in  slender  prisms  of 
four  sides  acuminated  by  four  planes  j  or,  if  the  sohition 
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Ihas  been  fiuilier  entpGntei  in  indistinct  frjrsUl%  whidii 
wkesi  a^^r^^ated,  fis^m  a  omnpaGl  mass,  retaining  kxn 
irater  of  crystallization  than  the  more  rq^uhur  eryatab^ 
h»  tasteis  cool  and  Intter;  it  is  deliqueeoent,  and  soluble 
m  tiMs^pBTts  of  cold  water»  and  half  its  weight  of  boiling 
water.  Exposed  to  a  moderate  heat^  it  imda'goes  tilt 
wateiyftsionf  Itnd  the  water  of  crystallization  is  eicpelleds 
if  llie  heat  is  increased,  it  is  decon^>o6ed9  and  if  raised  to 
^nition,  with  a  sudden  detonation  from  the  combination 
of  the  o3^gen  of  the  acid  with  the  hydrc^^en  of  the  am- 
monia. This  happens  at  temperatures  above  600 :  at 
temperatures  bebw  this,  between  SOO  and  500,  the  dc^ 
compoaitiDn  proceeds  more  slowly ;  the  {products  are  ni- 
trous oxide  and  watery  vapour,  and  it  is  from  this  decom- 
position that  nitrous  oxide  is  obtained  in  its  purest  form. 

NxTBATE  OF  Barttes  is  obtained  by  dissolving  the  native 
caibonate  in  diluted  nitric  acid :  the  solution,  by  evapora- 
tioli,  crystallizes  in  octaedrons,  or  in  small  brilliant  plates : 
its  taste  is  styptic  and  pungent:  it  is  qot  much  altered  by 
espoeare  tb  the  air :  when  crystallized,  it  is  soluble  in  10 
or  12  parts  of  water  at  60^,  and  in  d  or  4  parts  of  boiling 
water.  It  is  decomposed  by  heat,  its  acid  being  convert- 
ed into  oxygen  and  nitrogen  gases.  It  detonates,  but 
feeWy,  with  inflammable  bodies. 

Nitrate  of  Strosttites  is  fixrmed  by  pouring  dihtted 
nitric  acid  on  the  native  carbonate.  The  solution,  by 
evaporation,  affords  crystals,  either  hexaedral  pyramids, 
<Hr  octaedrons.  This  salt  is  soluble  in  its  own  weight  of 
water  at  60^  ;  and  at  212^  it  dissolves  in  little  more  than 
half  its  weight.    It  is  ddiqnescent  tn  a  humid  atmo»- 
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pbere;  in  b  diy  atfnoi^here  it  e^ioresces.  It  is  decom-* 
posed  by  heatj  and  it  deflagrates  fiseUy,  when  laid  en 
burning  Aiel. 

Nitrate  of  Lime  'is  geneiralfy  found  in  those  idtiiatio^ 
in  which  nitrate  of  potadi  is  formed.  It  is  obtaii|p#pQre 
by  the  direct  combination  of  its  principles*  When  the  so- 
lution is  evaporated  to  the  consistence  of  a  synqi;  it 
ailbrds  slender  prismatic  crystals,  deliquescent^  and  soluble 
in  less  than  an  equal  weight  of  water  at  the  temperature 
of  6O9  and  in  still  less  boiling  water.  They  are  also  solu- 
ble in  alkohoL  Exposed  to  heat,  they  undergo  the  watery 
fusion,  and  are  decomposed,  the  acid  being  expelled.  By 
having  been  heated  it  becomes  phosphorescent,  and  re- 
tains this  property  when  cold.  When  thrown  on  burning 
fuel,  it  melts,  and  detonates  slightly. 

Nitrate  of  Magnesia  has  a  taste  bitter  and  acrid. 
Its  crystallization  exhibits  a  mass  of  small  needle-like 
crystals :  by  spontaneous  evaporation,  it  concretes  in  quad- 
rangular prisms :  it  is  deliquescent ;  is  soluble  in  its  own 
weight  of  water  at  60®,  and  in  half  its  weight  of  boiling 
water :  it  is  also  soluble  in  alkohol.  By  exposure  to  heal, 
it  is  decomposed :  its  acid  being  partly  expelled,  partly  re- 
solved into  its  constituent  principles. 

Nitrate  of  Argil. — Tlie  solution  of  argil  in  nitric 
acid  becomes  gelatinous  on  evaporation,  and  soft  crystal- 
line scales  are  formed.  This  has  generally  an  excess  of 
acid :  its  taste  is  sour  and  astringent:  it  is  easily  soluble  in 
water,  and  deliquesces  on  exposure  to  the  air.  It  is  de- 
composed by  heat.  The  nitrates  formed  from  the  remain- 
ing earths  have  been  little  eaiiamined,  and  are  of  no  impor- 
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tance*  The  solution  of  Zircon  in  the  acid  affcNrdfi^a  trans- 
parent resinous-like  matter,  not  easfly  dried,  liatiog  i£ 
astringent  taste.  That  of  Glucine  cannot  be  crystallized^ 
but  by  eri^oration  forms  a  gelatinous  mass,  which  is  very 
ddiqii^ipit  Nitrate  of  jTtniA  assumes  a  gelatinous 
consistence  by  evaporation,  and  becomes  brittle  when  this 
jeDycook    Its  taste  is  sweet  and  astringent. 


Sect.  IL^^OfNiirous  Acid. 


I  -  * 


The  name  of  Nitrous  Acid  is  given  to  the  yellow  acid 
obtained  by  distillation  in  the  usual  process  of  decom- 
posing nitre  by  sulphuric  acid ;. and  it  has  been  remarked, 
that  it  owes  its  yellow  colour  to  the  presence  of  a  portion 
of  nitric  oxide.  When  this  is  disengaged  by  applying  a 
moderate  heat,  it  becomes  colourless,  and  if  nitric  oxide  is 
transmitted  through  it  in  this  state,  it  regains  its  colour, 
this  being  more  or  less  deep,  according  to  the  quantity 
communicated: 

Strictly  q>eaking,  therefore,  there  is  no  add  of  deter- 
minate composition  to  which  the  name  Nitrous  can  be 
properly  applied.  What  is  called  suck  is  nitric  add 
holding  nitric  oxide  dissolved ;  and  the  quantity  of  this 
may  be  variable,  and  even  indefinite,  between  tlie  mini^ 
mum  and  maximum.  According  to  the  quanti^  com- 
municated, the  colour  is  deeper.  From  a  proportion  not 
exceeding  1.2  of  nitric  oxide  by  weight  in  100  parts,  a 
pale  yellow  colour  is  communicated  i  this,  as  the  quantity 


396  OF  NITROUS  ACm. 

is  iaqrea^edy  passes  through  shades  of  bright,  ydlow  to 
dkrk  orange;  in  which  the  proporti(»i  of  lutric  oadide 
amotmte  to  about  5.5 ;  beyond  this  an  c^ve  colours  a|id 
then  a  bright  green^  verging  at  length  into  bhiei  i&obtain* 
ed,  and  if  the  transmission  of  the  ni|t;ric  oxide  ga^fai^  coih 
tinued  IcHiger,  it  communicates  its  elasticily  tc^theili^pid 
acid^  and  the  whole  rises  in  veary  dense  red  sufEbcatmg 
Vapours,  llie  acid  obtained  by  distillation' from  nitre  and 
sulphuric  acid  is  usually  of  a  pale  yellow  colour :  but  if 
the  heat  has  been  raised  very  high  towards  the  end  of  the 
process,  it  is  of  a  deeper  colour  ^  and  if  any  inflammable 
matter  has  been  contained  in  the  materials^  it  is  of  a  dark 
orange  red. 

The  colours^ which  the  acid  assumes  from  this  hapreg' 
nation  of  nitric  oxidci  are  likewise  considerajriy  dependent 
on  its  state  with  regard  to  dilution.  If  the  dark  orange- 
coloured  acid  be  mixed  with  water,  the  different  shades 
are  produced,  with  a  large  quantity  of  water,  blue,  with 
more  acid,  olive,  and  bright  green.  These  colours  are 
not  permanent  ^  the  oxygen  loosely  dissolved  in  the  wateri 
or  imbibed  from  the  atmosphere,  oxygenating  the  nitric 
oxide,  and  brihging  the  whole  to  the  state  of  nitric  acid. 

The  nitric  acid,  by  these  combinations  with  nitric 
oxide,  has  its  specific  gravity  diminished  ^  a  pale  acid  of 
1.52,  when  converted  into  yellow  acid,  becoming  nearly 
of  the  [^cific  gravity  of  1.51. 

Nitrous  acid  in  its  relations  to  other  chemical  agents  is 
bimikr  to  the  nitric  acid.  It  oxidizes  in  the  same  manner, 
and  with  the  same  phenomena,  inflammable  bodies  and 
metals,  and  combines  with  the  metallic  oHides.^  These 
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combinations  are  Ihdeed  ixierely  those  of  the  nitric  acid,  as 
the  nitrous  oxide  is  disengaged  during  the  process. 

The  compounds  of  nitrous  acid  with  the  alkalis  or 
earths  cannot  be  obtained  by  direct  combination  ;  for 
when  it  is  added  to  any  of  these  bases,  the  greater  part  of 
thenitxic  oxide  is  expelled.  Some  of  them  CEin  hot!^everbe 
^bbtained  in  an  badSsrect  rwodiyl^  a  ptoc^  pointed  oiit' by 
'  Sche^'  that  of  exposing  a  nitrstte,  as  that  of  potash,  to 
Mdi  a  heat  as  paiiialfy  de6om{k)ses  the  nitric -acitl,  and  ex- 
peh  part  of  its  oxj'gea.  The  remaiiiing  add  with'  a  por- 
tion  of  nitric  oxide 'exists  !ii  combination  with  the  alkaHne 
base,' and  diese  are  prdbaWy  to  be  regarded  as  triple  com- 
poioiids  €^  these'  principles.  They  are  hanied  Nitiites. 
BerthoUet  observed  that  the  nitr^  t)f  potash  tressed  in 
Ihis  way  became  alkaline,  so  as  to  render  green  the  symp 
of  vkSet,  and  that  wfaati  an  acid  was  poured  upoii  it,'e£Eer- 
vesc^ce  happened,  and  nitrous  acid  vapour  was  disenga- 
ged. The  otfiaps'have  not  been  examined  very  particular- 
ly, btrt  the  above  characters  appeal  to  belong  to  all  of 
them.  On  exposure  to  the  atmosphere  they  absorb  oxy- 
gen j  and  return  to  the  state  of  nitrates. 

Aa  the  chanical  properties  and  agencies  of  the  nitric  and 
lutrous  acids  are  so  much  alike,  the  latter  is  genera%used 
in  the  arts,  and  indeed  for  most  of  the  putposes  to  whidi 
the  other  might  be  applied,  as  it  is  more  easily  procured. 
The  add  also,  for  the  greater  number  of  purposes  for 
whidi  it  is  used,  must  be  diluted,  and  in  this  diluti(m  it 
«oon  passes  to  the  state  of  nitric.  The  aqucifortis  of  com* 
merce  is  a  nitric  acid  diluted,  and  generally  impure  fiom 
the  admixture  of  muriatic  and  sulphuric  adds. 
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Sect-  IlL-^Of  Nitric  Oxide.  . 

During  tl^e  action  of  diluted  nitric  add  on  metals,  a 
species  of  dastic  fluid  is  diaeiq;aged,  which  was  first  obser- 
ved by  Hales,  and  afterwards  examined  by  Priestley,  who 
gave  it  the  name  of  Nitrous  Air,  or  Nitrous  Gas,  a  name 
not  suffidently  distinctive,  as  being  equally  applicabk  to 
another  elastic  fluid,  and  for  whjcb,  therefore,  that  of  Ni- 
trie  Oxide  Gas  has  been  substituted.  It  is  a  compound  of 
oxygen  and  nitrogen,  containing  a  smaller  proportion  of 
oxygen  than  nitric  acid.  Its  formation,  therefore,  in  the 
above  processes,  is  due  to  the  metal  abstracting  a  portion 
of  the  oxygen  of  the  acid,  the  nitric  oxide  assuming  the 
elastic  form. 

It  is  not  always  evolved  pure,  the  abstraction  of  oxygen 
sometimes  proceeding  to  a  greater  extent,  and  portions  of 
nitrous  oxide  or  nitrogen  gas  being  evolved.  It  is  obtained 
in  the  state  of  greatest  purity  in  the  action  of  diluted  ni- 
tric acid  on  quicksilver  or  copper  j  one  part  of  the  concen- 
trated add  being  diluted  with  four  or  five  parts  of  water, 
and  poured  on  copper-filingg  in  a  retort ;  on  applying  a 
very  moderate  heat,  the  copper  decomposes  the  acid  by 
attracting  oxygen,  and  nitric  oxide  gas  is  disengaged. 

The  relation  of  this  elastic  fluid  to  nitric  acid  is  not  on- 
ly established  by  the  nature  of  the  process  by  which  it  is 
obtained,  its  composition  is  likewise  established  by  its  ana^ 
Jysis.     By  taking  the  dectric  spark  in  it,  it  is  converted  in- 
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t^  nit^gen  ga&f  and  nitrons  acid.  ;  When^  exposed  to  the 
sdion  of  substances  exerting  a  strong  attraction  to  oxy- 
gen, it  fe  piardally  or  entirely  decomposed.  ']lms.;by  thfe 
actdmi  -of  iroii  or  zinc,  of  pho^horus,  or.  charcoal^  it  Is 
^eonverted  either  into  nitrogen  gas^th^iWhoJe  of  its  oxygen 
Sbemg  abstracted,  or  into  nitrous  okide^  part  of  it  only,  being 
removed*  From  these  analytjic  e3q)^imentsy  Mr  Davy  fbl- 
ed  ,th^  proportions  lof  the  principles  <^  this  compound  at 
66  of  oxygen,  and'  44  of  nitrogen  by  weight. 

Nitric  oxide  is  permanently  ehf^tic,  colourless,  and  there- 
fiirednvisible.  It  is  rather  heavier,  than  aitmospheric  air, 
4he  proportion  being  nearly  as  100. to  92,  Its  specific 
gravi^  is  0.00136.  100  cubic  inche?  of  it  weigh  3f.S 
-grains;  ■•■'::::.•,■■.' 

It  proves  extremdy  deleterious  to  animal  life.r  Warm- 
blooded animals  die  ajbnost  immediately  on  a  full  inspira- 
tion of  it,  and  the  irritability  of  the  heart  i^  destroyed. 
insectK  which  live  in  several  other  ncndo^s  gases,  cire  quick- 
ly kiBed  by  immersion  in  it,  and  fishes^  die  in,  water  im- 
pregnated with  it  .  It  proves  even  .noxious  to  vegetable 
life,  the  leaves  of  a  growing  plant  soon,  becoming  withered 
in  it,  and  the  plant  dying.  * 

Exposed  to  distilled  water,  a  portion  of  it  is  absorbed 
equal,  when  the  water  has  been  previously  freed  from  air 
by  boiling,  to  ll.S  cubic  inches,  by  100  of  water.  The 
gas  is  9gain  eisqpelled  unchanged  at  a  temperature  t>f  212^. 
By  €X)nunon  spring  water,  a  larger  quantity  is  absorbed, 
the  nitric  oxide  being  in  part  converted  intp  nitric  acid, 
by  the  oxygen  which  water  holds  loosely  dissolved. 

Wheii  the  water  is  impregnated  with  certain  n^tallic 
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salts,  OS  with  the  green  sulphate  or  green  muruite  of  iioiii 
it  coodoises  a  much  larger  portion  of  nitric  oxide  gai. 
This  has  been  supposed  owing  to  a  decompositiQn  of  thp 
gas,  its  oxygen  being  attracted  by  the  metallic salti  aadia 
confirmation  of  this,  it  has  beai  observed,  that  a  :portiQR 
of  nitrogen  exists  in  the  residual  gas.    Vauqueiin  and 
Humboldt  concluded,  that4tfaese  changes  are  even  more 
complicated,  one  portion  of  the  nitric  oxide,  according  to 
the  view  they  gave,  attracting^oxygen  from  the  water,  so 
as  to  form  nitric  acid,  aiyl  the  nitrogen  of  another  portion 
of  it  uniting  with  the  hydrogen  of  the  decomposed  water 
and  forming  ammonia.  Mr  Davy,  however,  has  ibund  rea- 
son to  conclude  from  his  experiments,  that  the  gas  is 
merely  absorbed  :  if  the  action  of  the  atmospheric  air  be 
carefully  excluded,  he  finds  that  the  liquid  has  no  senvble 
acidity,  and  the  nitric  oxide  gas  may  he  procured  firom  it 
again  unchanged,  either  by  the  removal  of  pressure  by  the; 
air-pump,  or  by  applying  a  very  moderate  heat.     Itiscm- 
ly  if  the  air  is  admitted  that  nitric  acid  and  ammonia  are 
formed.     The  residuum  of  nitrogen  observed,  he  supposes 
to  be  merely  that  which  had  been  mixed  with  the  nitric 
oxide,  and  foreign  to  it ;  and  this  therefore  affi)rds  a  mode 
of  determining  the  purity  of  nitric  oxide  gas* 

Nitric  oxide  gas  has  no  acid  properties.  Its  solutionis 
water,  freed  from  air,  does  not  taste  sour,  nor  does  it  red- 
den the  vegetable  colours.  Neither  does  this  happen  from 
the  introduction  of  the  gas  itself,  previously  washed  in  wa- 
ter, to  vegetable  coloured  infusions.  The  colour,  how- 
ever, is  impaired. 

Ni^ie  oxide  gas  is  capoble  of  supporting  combustion  in 
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some  substances  only,  and  in  them  only  at  an  elevated  teth- 
peratmre.  A  Ughted  taper  immersed  in  it  is  extinguished^ 
'as  is  su^hur  introduced  in  a  state  of  inflammation.  Phos- 
phorus may  be  fiised  in  it  without  burning ;  but^  if  intro- 
duced in  a  state  of  active  combustion,  it  bums  with  great 
qilendour.  Fyrophorus  burns  in  it  at  a  low  temperature. 
Charcoal  suspended  in  it  in  estate  of  ignition,  burns  feebly. 
With  oxygen  nitric  oxide  gas  combines  with  great  faci- 
lity, and  this  forms  its  most  important  and  characteristic 
property.  They  instantly  combine,  and  a  red  coloured 
vapout  is  produced,  which,  if  the  experiment  be  made 
over  water,  is  immediately  absorbed,  leaving,  if  the  gases 
be  pure,  no  residuum ;  and  what  is  singular  in  so  rapid  a 
combination  of  oxygen,  no  sensible  emission  of  light  at- 
tends the  combination,  and  so  little  caloric  is  rendered  sen- 
sible, that  the  vessel  scarcely  becomes  sensibly  warm  to  the 

*  T' 

)iand*  The  phenomena  are  similar  when  nitric  oxide  gas 
is  presented  to  atmospheric  air ;  the  oxygen  is  condensed, 
and  if  the  due  proportions  have  been  observed,  the  nitro- 
gen of  the  atmospheric  ak  remains  pure. 

From  the  application  of  this  combination  to  eudiome- 
trical  experiments,  it  is  an  object  of  considerable  impor- 
tance to  determine  with  precision  the  proportions  in  which 
these  gases  combine  so  as  to  produce  mutual  condensation. 
But  this  has  been  found  very  difficult  5  results  extremely 
discordant  have  been  given  on  different  authorities,  some 
fixing  the  quantity  of  oxygen  condensed  at  100,  by  200 
measures  of  nitric  oxide  gases ;  others  finding  that  250,  or 
even  300  of  the  latter,  are  condensed  bv  100  of  the  former. 

Vol.  I.  C  c 
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These  differences  arise  from  this  circiiiiistaiice»  that  oxy- 
gen and  nitric  oxide  ^e  capable  of  combining,  in  dHhreolt, 
proportions,  or  rather,  that  although  there  ia  oHe  pnq)or« 
tion  in  which  th^  are  mutually  saturated,  the  c<iinpoiaM( 
vhicl^  results  from  this  proportion  is  capabk  of  abaorfakii^ 
variable  proportions  of  nitric  oxide,  and  these  are  main 
natty  determined  by  the  ciryimstances  imd^  whkk  tha 
combination  takes  place.  The  presence  of  water,  in  par- 
ticnlar,  by  condensing  the  pixxiuct,  has  a  very  important 
influence.  If  it  is  entirely  excluded,  as  by  combimt^  the 
two  gases  in  an  exhausted  globe,  there  is  scarcely  any  con- 
densation ;  aa  elastic  product  of  a  red  colour  is  formed, 
^d  this  may  admit  variable  quantities  of  oxygen  or  of  ni- 
tric oxide  into  the  combination.  But  if  water  be  admit* 
ted  to  condense  the  elastic  fluid,  it  does  so  during  the  pro* 
gress  of  the  combination  itself,  determines  the  proportions, 
therefore,  in  which  this  takes  place,  and  renders  these  pro* 
portions  different,  as  it  is  more  or  less  freely  admitted. 
The  larger  the  surface  of  water  is  over  which  the  mixture 
is  made,  the  less  oxygen  enters  into  combination  with  the 
nitric  oxide,  probably  firom  the  circumstance,  that  when  a 
harrow  surface  of  water  is  exposed  to  the  mixture  the  ab- 
sorption is  slow,  and  the  progress  of  the  combination  con- 
tinues towards  saturation,  while,  when  the  surface  is  large, 
it  is  absorbed  as  it  takes  place,  and  before  the  proportion 
in  which  the  nitric  oxide  is  saturated  is  fully  established. 
And,  on  the  same  principle,  agitation,  and  even  the  order ' 
in  which  the  gases  are  presented  to  each  other,  have  an  in- 
fluence on  the  results. 
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Tl»s  property  of  nitrous  gas  of  eombining  widi  oxygen 
gam  at  natural  terop^ratures^  and  forming  a  compound 
quickly  absoi-bcd  by  water,  has  been  applied  to  die  pur- 
pose of  ^Hliometry,  and  it  ha$  some  advantages,  the 
combination  takes  place  eo  rapidly,  that  the  res^  is  imme- 
diatety  obtained,  and  it  requires  no  complicated  iqypara^ 
tus.  It  was  introduced  by  Pr  Priestley,  and  since  his 
time  has  been  used  in  different  forms.  It  has  always^ 
however,  been  found  very  difficult  to  employ  it,  so  as  to 
obtain  accurate  results,  owing  to  its  being  so  much  inihien* 
ced  by  circumstancas,  which  determine  the  combination 
as  above  explained.  Hence  it  was  nearly  relinquished. 
Mr  Dalton,  however,  ha»  lately  given  it  o  preference  to 
any  other',  as  more  escpeditious,  and  capable  of  beijig  ren- 
dered equally  correct.  He  has  observed,  that  nitric  oxide 
gas  may  "be  combined  with  oxygen  gas,  so  as  to  form  ei- 
ther -nitric  ticid,  o^  nitrous  acid ;  S6  measures  of  it  unit- 
ing  with  21  to  form  the 'fwrner,^  and  72  uniting  with 
21  to  form  the-  latt«'  :  the  combination  in  either  pro- 
portion  is  determined  by  the  manner  of  making  the  expe- 
riment ;  and  to  give  accuracy  to  the  fesnk  as  a  eudiome- . 
trical  process,  it  must  be  conducted  in  such  a  manner  aa 
to  form  nitric  acid  or  nitrous  acid  wholljr,  and  without  a 
mixture  of  the  other.  The  former  he  has  ibund  to  be  most 
easily  and  most  accurately  effected.  •*  bt  order  to  this,  a 
narrow  tube  is  necessary ;  one  that  is  just  wide  enough  to 
let  ^ir  pass  water,  without  requiring  the  tube  to  be  agita- 
ted, is  best.  Let  little  more  nitrous  gas  than  is  sufficient 
to  form  nitric  acid  be  admitted  to  the  oxygenous  gas ;  let 

€c2 
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no  agitatibti  be  iised)  and  as  soon  as  the  dimin^tiofi  ap- 
pears to  be  over  for  a  moment,  let  the  residuary  gas  be 
transferred  to  another  tube,  and  it  wiH  remain  without  any 
further  diminution  of  oxygen.  Then  i^ths  of  the  loss  wiU 
be  due  to  oxygen.''  In  making  the  experiment,  therefi:>re> 
on  atmospheric  air,  add  36  measures  of  nitric  oxide  gas  to 
100  of  air;  conduct  the  experiment  as  above  directed; 
ascertain  the  diminution  of  volume,  and  having  multiplied 
this  by  T^  the  product  indicates  the  proportion  of  oxygen 
which  the  air  had  contained.  ^^  The  tube  which  Mr  Dal- 
ton  uses  is  repi  esented  Fig.  20."  0^ 

Another  method  of  applying  nitric  oxide  gas  to  eudio- 
metry  was  introduced  by  Mr  Davy,  th^t  of  using  solu- 
tions of  sulphate  or  muriate  of  iron  impregnated  with  it, 
these  absorbing  the  oxygen  of  atmospheric  air  very  quick- 
ly, and  producing  a  diminution  equal  to  21  in  100  parts. 
An  apparatus  for  employing  these  solutions  in  eudiome- 
trical  experiments  has  been  invented  by  Mr  Pepys,  the  li- 
quid being  put  into  an  elastic  gum  bot;tle,  which  is  con- 
nected by  a  glass  tube,  when  the  experiment  is  to  be  made, 
with  a  graduated  tube  containing  the  air  ;  by  pressing  the 
bottle,  the  liquid  is  made  to  act  on  the  air  with  a  degree 
of  compression,  which  favours  the  result.  The  method  is 
however  rather  complicated  for  common  use,  at  least  wbeif 
we  have  others  equally  accurate  and  more  simple^ 
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Sect.  IV. — Of  Nitrous  Ojnde. 

This,  the  last  of  the  compounds  of  oxygen  and  nitro- 
gen«  was  discovered  by  Dr  Priestley,  vho  gave  it  the  name 
of  Dephlogisticated  Nitrous  Air.  Mr  Davy  first  obtain- 
ed it  in  a  sta^e  of  purity,  and  to  him  we.  are  indebted  for 
our  knowledge  of  its  most  ^singular  properties.  He  gave 
it  the  more  concise  appellation  of  Nitrous  Oxide. 

It  is  obtained  by  various  processes,  in  which  nitric  oxide 
or  nitric  acid  is  partially  decomposed,  as  by  exposing  ni- 
tric oxide  gas  to  the  action  of  iron-filings  itioistehed  with 
water,  of  iron-filings  and  sulphur,  or  of  the  alkaline  sulphu- 
rets ;  and  it  is^also  disengaged  in  a  state  of  mixture  with 
nitrogen  and  nitric  oxide  during  the  sohitions  of  «ome  of 
the  metals  in  nitric  acid.  But  the  process  by  which  it  is 
obtained  most  easily  and  in  greatest  purity,  is  in  the  de- 
composition  of  nitrate  of  ammonia  ^yy  heat.  This  «alt,  in 
the  different  states  of  crystallization  in  which  it  exists,  is 
decomposed,  so  ^ub  to  afford  this  product  at  different  tem- 
peratures, intermediate  between  320^  and  500°.  Above 
600°  the  decomposition  takes  place  with  an  explosion,  and 
the  evolution  of  other  productis,  principally  water,  nitrous 
acid,  nitric  oxide,  and  nitrogen  gas^  But  this  can  be 
guarded  against,  by  the  due  i^egulation  of  the  heat  applied 
by  a  lamp  to  the  salt  in  a  tubulated  retort,  raising  it  quick- 
ly to  the  requisite  temperature,  taking  care  not  to  exceed 
500°,  ^nd,  in  particular,  not  to  raise  it  so  high  as  to  pro- 
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duce  a  luminous  appearance  in  the  retort.  The  nitrous 
oxidcy  with  watery  vapour,  are  disengaged ;  the  latter  con-- 
detises  in  the  neck  of  the  retort  5  the  former  is  received 
over  water,  as  not  much  of  it  is  immediately  absorbed ;  it 
is  generally  white,  and  a  little  opaque,  from  a  small  por* 
tion  of  the  nitrate  of  ammonia  being  VcJatilized;  but  this 
is^soon  absorbed  by  ^  wator^  and  it  beeomies  transpa'* 
rent. 

In  this  process  the  tiittic  acid  and  the  ammonia  of  the 
salt  both  suffer  decomposition  $  the  hydrogen  of  the  am^ 
monia  attracts  a  portion  of  the  oxygen  of  the  acid  and 
forms  water,  and  the  remaining  oxygen  is  just  sufHcient, 
when  combined  Math  the  nitrogen  of  the  acid  and  die  ni- 
trogen  of  the  alkali,  to  form  this  compound,  nitrons  oxide. 
Accordingly  water  and  nitrous  oxide  gas  are  the  sole  pro^ 
ducts,  if  the  temperature  has  not  been  raised  top  hi^  td 
Cause  the  operation  of  other  affinities.  Ej^  timating  thepro- 
portions  of  the  elements  of  this  compound  from  its  forma- 
tion, Mr  Davy  states  them  at  62.4?  o^  nitrogen,  and  37.6 
of  oxygen ;  and  from  its  analysis  by  detonation  with  hy- 
drogen, oi*  by  burning  charcoal  in  it,  he  finds  them  to  be 
almost  the  same,  63  of  the  one  element^  and  37  of  the 
other.  With  this  the  estimation  of  its  composition  by  the 
Dutch  Chemists  agrees ;  the  proportions  they  give  being 
62.5  nitrogen,  and  37.5  oxygen. 

Nitrous  oxide  is  permanently  elastic.  Its  specific  gra- 
vity is  to  that  of  atmospheric  air  as  161  to  100.  100  cu- 
bic inches  weigh  50.1  grains.  Its  taste  is  sweetish.  Its  0- 
dour  is  very  faint. 

This  gas  is  ^absorbed  by  water  ;  the  water,  at  a  mean 
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tenpCFatiire,  and  ussdselt  an  atmospheric  pxtfiBure^^  takes  i^ 
about  kalf  its  bulk ;  on  boiUng  the  solution^  the  god  is  gi*> 
ven  out  unchanged  ^  the  solution  has  a  siii^^eetish  taste^  and 
a  slight  odour,  not  disagreeable ;  neither  it  nor  the  gas 
danges  the  vegetable  colours.  It  is  likewise  absorbed  by 
alkohol  and  by  ether^  communicating  a  sweet  taste ;  it  is 
jBigBon  expelled  by  heat^  and  in  part  by  the  addition  of  wa^ 
ter.  .     ^ 

Nitrous  oxide  gas  suGfers  no  diminution  of  vohune^  nor 
any  diange  of  properties)  when  mixed  with  O&ygen,  nitro* 
gen,  or  hydn^en  gas.  At  ignition,  it  detonates  with  hy«> 
drogen.  It  is  decomposed  at  a  high  temperature,  as. by 
transmitting  the  electric  spark  through  it,  or  passing  it 
through  an  ignited  eardien  tabe,  and  is  converted  into  ni^ 
trous  acid,  and  oxygen  and  nitrogen  gases. 

This  gas  is  powerful  in  supporting  combustion.  A  light- 
ed taper  bums  in  it  with  an  ^^larged  and  bright  flame  $ 
phosphorus  with  a  dazzling  white  light ;  su^hur  nith  a 
vivid  rose-coloured  flame;  and  iron->wire  with  corrusca- 
tions.  A  higher  temperature,  however,  is  required  ibr 
these  combustions,  than  for  the  burning  of  the  same  hoo- 
dies in  oxygen  gas  or  atmospheric  air.  During  the  com*- 
bustion,  a  portion  of  nitrous  acid  is  produced  along  with 
the  product  of  the  oxygeni2ement  of  the  combustible  body. 

Tlie  operation  of  this  elastic  fluid  on  the  animal  system, 
/when  it  is  received  into  the  lungs,  is  scarcely  analogous  to 
that  of  any  other  physical  agent.  It  had  been  believed  to 
t)e)  in  common  t^ith  the  greater  number  of  thegases,  fetal 
to  life.  Mr  Davy  found  that  it  could  be  breathed  with 
safety,  and  in  his  farther  experiments  on  it,  discovered 
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the  singular  effects  it  produces.  After  a  fisw  inspiratiiciw 
of'  it  have  been  made,  it  causes  a  sense  of  lightness  and 
expansion  in  the  chest,  and  a  pleasurabfe  sensation  be- 
gins to  extend  over  the  whole  body ;  this  increases,  and 
is  accompanied  with  a  desire  to  inhale  the  gas  $  rea^pin^. 
tion  therefore  becomes  fuller,  and  is  performed  with  more 
energy.  Exhilaration  is  soon  produced  ;  and  if  the  respi- 
ration is  continued  sufficiei^tly  long,  a  crowd  of  indistinct 
ideaB,  often  in  very  singular  combinations,  pass  throu^ 
the  mind  f  there  is  an  irresistible  propensity  to  laughter 
and  to  muscular  exertion,  and  violent  exertions  are  made 
with  alacrity  and  ease.  These  effects,  after  the  inspira- 
tion has  ceased,  continue  for  four  or  five  minutes,  or 
sometimes  longer ;  they  gradually  subside,  and  what  is  not 
the  least  of  these  singularities,  the  state  of  the  system  re- 
turns to  its  usual  standard,  and  from  this  high  excitement 
no  subsequent  languor  or  exhaustion  is  felt.  Its  operation 
is  not  however  uniform  on  different  individuals :  its  ef- 
fects occur  in  various  combinations  ;  they  are,  as  may  be 
easily  supposed,  more  readily  excited  in  some  than  in 
others  ;  and  where  much  susceptibility  has  existed,  alarm- 
ing or  unpleasant  symptoms  have  been  produced.  Warm- 
blooded animals  confined  in  the  gas,  die  in  a  few  minutes, 
frequently  with  previous  symptoms  of  excitement ;  and 
fishes  die  in  water  impregnated  with  it.  The  gas  appears 
during  its  respiration  to  be  absorbed  by  the  blood  :  this 
fluid  acquires  a  purple  colour,  and  after  death  the  mus- 
cles are  found  inirritable.  No  satisfactory  hypothesis  can^ 
be  advanced  with  regard  to  its  operation. 
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Nitrous  oxide  can  be  combined  with  the  fixed  alkalis, ' 
by  an  indirect  process  dii^cover^d  by  Mr  Davy.  It  con- 
sists in  exposing  sulphite  of  potash  or  soda,  mixed  with 
pure  potash  or  soda,  to  nitric  oxide  gas ;  the  sulphite  at- ' 
tracts  oxygen  from  the  nitric  oxide,  and  converts  it  into 
nitrous  oxide,  which,  as  it  is  formed.  Combines  with  the 
alkali,  and  the 'compound  is  separated  by  solution  and 
ofystallization  from  the  other  saline  matter.  These  com- 
pounds, to  which  Mr  Davy  gave  the  name  of  NitrdxideS| 
are  soluble,  and  have  a-sharp  taste ;  they  cause  infiamma^ 
ble  substances  to  bum  or  deflagrate  when  heat  is  applied^ 
and  afiford  nitrous  oxide  when  decomposed  by  the  acids, 
•r  by  heat. 
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.     OF  SULPHURIC  ACID  AND  ITS  BASE. 

;  1  ■ 

Sulphur  is  the  base  of  sulphuric  acid.  When  sulphur 
is  combined  with  an  inferior  proportion  of  oxygen,  it 
forms  sulphurous  acid.  United  with  hydrogen  in  differ- 
ent proportions,  it  forms  at  least  two  compounds,  sulphu* 
retted  hydrogen  and  super-sulphuretted  hydrogen.  Jt 
&rther  comlHjies  with  the  alkalis  and  earths.  Th6  chemi* 
cal  history  of  all  these  forms  the  subject  of  the  present 
chapter. 


4ie 


OF  SULPIIUft* 


i*«M»a 


Sect.  l.^OfSidpbur. 


Tirvs  iiiflammablc  substance  exiats  in  the  raineral 
dom,  both  in  a  stateof  combination. and  in.  a  pare  fiMitn* 
In  the  latter  state,  it  is  principally  a  rokraitio  productioiii 
though  native  sulphur  likewise  occutv,  tRhlch  canbot  be 
supposed  to  have  this  origin.  It  existsytcjkiy  in  small  qutA- 
tity  in  vegetable  and  animal  products* 

Volcanic  sulphur  afibrds  the  greater  part  of  the  ftmi^ttt 
of  commerce.  It  is  usuaUy  purified  by  sublimation,  and 
the  sulphur  is  thus  obtained  in  the  form  of  a  light  powder 
of  a  yellow  colour.  This  is  easily  fused,  and  forms  a  sO' 
Ii(I  mass,  brittle,  and  displaying  somewhat  of  a  crystalline, 
structure,  and  by  slow  cooling  it  may  be  obtained  in 
needle-like  crj^stals.  By  precipitating  sidphur  from  its 
combination  with  an  alkali  by  an  acid,  it  is  obtained 
nearly  white,  as  it  is  also  by  dropping  water  on  it  when 
in  fusion,  or  subliming  it  into  a  vessel  filled  with  watery 
vapour ;  this  whiteness  has  hence  been  ascribed  to  the 
combination  of  a  small  portion  of  waten 

Sulphur  melts  at  a  temperature  of  224*'^,  and  a  pheno- 
ikienon  nearly  peculiar  to  it  is  displayed  in  its  fusion*  Jf 
after  it  is  fully  melted,  the  heat  be  continued,  or  even  raised) 
instead  of  flowing  thinner,  it  becomes  thick,  and  this 
thickening  continues  progressive,  as  the  temperature  rises 
even  through  a  range  of  nearly  200  degrees,  until  it  be- 
come quite  viscid.      The  thickening,  according  to  Dr  Ir- 
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vkie^s  estperimeiitf )  comm^ces  at  226^  of  Fahrcnbeit*  and 
continues  to  increase  to  550,  at  which  tempefature  the 
su^Mir  sublimes.  It  is  quite  independent  of  the  action 
df  the  air,  and  docs  not  therefore  arise  from  oxygenation* 
and  indeed  depends  on  no  permanent  change^  as  by  mere- 
ly  reducing  the  temperature,  the  liquidity  is  recovered, 
and  the  experiment  may  be  repeated  on  the  same  sulphur 
a  number  of  times*  If  poured  wh^i  viscid  into  water,  it 
remains  for  a  time  soft  and  tough,  and  it  may  be  made  to 
take  the  impre^ion  from  a  mould. 

Sulphur  rises  in  vapour,  at  a  temperature  not  much 
higher  than  that  at  which  it  molts.  If  the  air  be  admit- 
tied,  it  bums  at  a  temperature  of  about  300,  with  a  pale 
blue  flame,  and  the  production  of  pungent  sufibcatint; 
flames.  If  the  heat  be  raised,  its  combustion  is  more  vi- 
vid, as  it  is  also  in  oxygen  gas. 

In  its  combustion,  sulphur  combines  with  two  propor- 
tions of  oxygen,  forming  two  acids.*  The  principal  pro- 
duct is  a  gaseous  acid,  Sulphurous  acid  gas  as  it  is  named; 
but  there  is  always  formed  with  this  a  portion  of  a  liquid 
acid  not  volatile,  containing  a  larger  prc^rtion  of  oxygen, 
•the  sulphui^c  acid.  The  prc^rtions  of  these  are  various, 
according  to  the.  circumstances  of  the  combustion,  the 
quantity  of  sulphuric  acid  being  greater  as  oxygen  is  more 
freety  supplied. 

Sulphur  oombines.  with  hydrogen,  anil  this  cbmbinar 
tion,  too,  appears  to  be  established  in  different  propor- 
tions. It  unites  with  other  inflammables,  and  with  the 
greater  number  of  the  metals.  .  It^  combines  with  the  al- 
kalis and  alkaline  earths,  acquiring  from  their  action  so- 
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hibility  in  water,  and  the  power  of  decomposing  it    It  al- 
so enters  into  combination  with  their  metallic  bases. 

Sulphur  had  usually  been  regarded  as  a  simple  sub- 
stance :  but  some  facts  have  been  more  lately  obsenred, 
whence  it  has  been  inferred  that  it  contains  hydrogen. 
Thus,  the  younger  BerthoUet  found,  that  oi^  passinjg  sul- 
phur  in  vapour  through  an  ignited  glass  tube,  trace,  of 
su^huretted  hydrogen  are  always  obtained :  and^  in  com- 
bining sulphur  with  metals  by  ap^jring  heat,  there  is  an 
evolution  of  .the  same  product :  it  is  Ukewise  obtained 
by  passing  the  vapour  of  water  over  melted  sulphur ;  and 
that  in  this  case,  it  is  ncrt  produced  by  the  decomposition 
of  the  water,  is  proved  by  no  portion  of  acid  being  form^ 
ed.  Mr  Davy,  in  submitting  sulphur,  to  the  action  ofgaU 
vanism,  found  sulphuretted  hydrogen  to  be  givisn  out  in 
considerable  quantity ;  and  in  combining  it  with  potas^ 
sium  by  the  application  of  heat,  he  likewise  found  that  this 
product  is  evolved  ;  he  hence  inferred,  that  su^hur  conr 
tains  hydrogen.  And  farther,  finding  reason  to  conclude^ 
that  oxygen  exists  in  the  composition  of  sulphuretted  hy- 
drogen, he  supposes  that  this  element  must  also.be  cott- 
tained  in  sulphur.  According  to  this  view,  sulphur  is  a 
compound  of  a  base  unknown,  with  small  quantities  of 
oxygen  and  hydrogen.  This  has  scarcely  been  oonfirmed, 
however,  by  his  subsequent  experiments,  and  these  result^ 
so  far  at  least  as  relates  to  the  presence  of  oxygen,  appear 
to  admit  of  explanation  on  a  supposition  which  the  phaio- 
mena  do  not  preclude,  that  sulphur  may  contain  a  small 
quantity  of  combined  water. 
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Sect.  ll.'^Of  SMphuric  Acid. 

Sulphuric  add  used  ta  be  obtained  l^-distillationfrom 
Bulfdiate  of  irony  the  Gtreen  Vitriol  of  the  older  dbemists^ 
whence  the  name  of  Vitriolic  Add,  by  whicli  it  was 
known.    It  is  now  always  procured  from  the  combustion 
of  sulphur,  th^  mediod^  Imving  been  discovered  pf  om- 
ducting  thiij  combustion,  so  that  the  formaticm  of  su^hu- 
rous  acid  is  in  a  great  measure  prevented,  and  the  princi- 
pal product  is  sulphuric  acid.     The  process  consists  in 
adding  a  small  quantity  of  nitne,--*-firom  one-eighth  to  one- 
teplih,  the  weight  of  the  sulphur.     They  are  intimately 
mixed  in  powder,  and  portions  of  the  mixture  are  succes- 
sively kindled,  and  kept  burning  in  a  leaden  chamber,  the 
bottom  of  which  is  covered  with  water  to  the  depth  of 
three  or  four  inches.     The  sulphuric  acid,  and  a  por- 
tion  of  sulphurous  acid  that  is  formed,  are  absorbed  by 
the  water ;  and  when  the  liquor  is  sufficiently  acid,  it  is  re- 
anoved,  and  by  boiluig  it  in  glass  retorts,  the  snlphurous 
acid  and  the  superfluous  water  are  expelled,  and  it  is 
brought  to  a  state  of  concentration,  having  the  specific 
gravity  of  1.842.     From  the  nature  of  this  process,  the 
acid  is  not  perfectly  pure.     It  contains  a  portion  of  sul- 
phate of  potash,  derived  from  its  action  on  the  potash  of 
the  nitre,  and  perhaps  also  a  minute  quantity  of  sulphate 
of  lead.    These  are  in  a  great  measure  precipitated  by  di- 
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luting  it  with  water,  and  are  more  completely  sqiarated  I7 
ilistilling  it  from  a  glass  retoft 

'Hiere  is  considerable  difficulty  in  determining  the  pro- 
portions of  oxygen  and  sulphur  in  sulphuric  add^  prin- 
cipally from  the  difficulty  of  estimating  the  real  product  of 
acid  free  fiom  water ;  and  hence  the  results  of  difirent 
experiments  have  been  extremely  various.  The  pvopoiw 
tion  of  su^hur  has  been  stated  so  low  as  4^  in  100  partly 
and  so  high  as  72.  The  latest  experiments  are  those  of 
Chenevix  and  Thenard:  the  proportions  assigned  from 
the  former  are  61.5  of  sulphur,  and  38.5  of  oxygen ;  teom 
the  latter  55.56,  and  44.44,  and  even  these  are  doubtfiil, 
as  the  estimate  of  the  composition  of  sulphate  of  baryta 
on  which  they  rest,  shears,  from  subsequent  experimenti, 
to  be  incorrect.  The  acid,  in  ahy  state  of  concentration 
in  which  it  can  be  procured  insulated,  has  a  portion  of 
wate^  always  combined  with  it  At  its  usual  specific  gra- 
vity of  1.842,  this  is  calculated  by  Mr  Kinn'an  to  amount 
to  21  in  100  parts.  The  greatest  state  of  concentration 
in  which  it  has  been  obtained  is  that  of  the  ^cific  gra* 
vity  of  1.846. 

Sulphuric  acid  of  this  strength  is  someu^hat  viscid,  and 
has  an  oily  appearance.  If  pure,  it  is  colourless  and  tran- 
sparent J  it  is  inodorous  ;  its  taste,  when  it  is  even  largdy 
diluted  with  water,  is  intensely  sour,  and  in  very  minute 
quantity  it  reddens  deeply  the  vegetable  colours.  In  iU 
concentrated  state,  it  is  liiwhlv  corrosive. 

Sulphuric  acid  is  congealed  by  cold,  and  even  crystal- 
lizes with  regularity.  The  temperature  at  which  this 
takes  place  is  very  different,  according  to  its  concentra* 
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tion.  When  of  the  specific  gravity  of  l^ifj^  it  eong^afe 
at  — 15,  but  if  it  is  dihited  with  half  its  weight  of  water^ 
it  requires  a  cold  of  — S6  to  congeal  it  There  is  a  cer- 
tain state  of  dilution  most  favourable  to  the  congelation ; 
this  is  wb^i  the  acid  is  at  the  specific  gravity  intermediate 
betweai^  1.786,  and  1.775;  at  this  it  freezes  at  the  ton- 
perature  of  meking  snow ;  if  either  more  diluted,  or  more 
ecmcentrated  than  this,  the  ccHigelation  requires  greater 
cold  to  produce  it  These  facts  are  singular,  and  one  not 
less  so  is,  that  the  acid  remains  congealed  at  a  higher  tem- 
perature dian  that  necessary  to  cause  its  transition  to  ttie 
sciid  fi»in.  When  sulphuric  acid  too  is  impregnated 
widi  a  portion  of  sulphurous  acid,  it  becomes  concrete 
even  at  coihrnon  natural  temp^atures. 

Su]^uric  add  boils  at  590^,  It  is  decomposed  at  a 
red  heat,  being  rfs<Jved  into  oxyg^i  and  sulphurous  acid. 

It  has  a  strong  attraction  to  wat^>  so  that  it  imbibes  it 
fiom  exposure  to  the  atmosphere.  It  combines  directly 
with  water  in  every  proportion,  the  combinaticm  being  at- 
tended with  a  ccmsideraUe  increase  c^  temperature  from 
duninution  of  capacity. 

It  forms  no  combination  with  oxygen  or  nitrogen:  hy* 
drogen  decomposes  it  at  a  high  temperature,  by  attracting 
its  oxj^cn ;  it  sustains  a  similar  decomposition  from  the 
primary  inflammables  5  any  substance,  Smt  exampley  <xm- 
taining  carbonaceous  matter,  acts  on  it  even  in  the  cold ; 
the  acid  becomes  black  from  the  evoluticm  of  charcoal, 
and  a  little  sulphurous  acid  is  formed.  If  heat  be  applied, 
the  action  is  much  more  rapid,  and  earb(»dc  add  and 
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sulphurous  add.gases  are  disengaged  with  effervescence';  a 
portion  of  su^hur  may  likewise  be  obtained. 

The  dietak  abstract  oxygen  from  sulphuric  acid>  in  ge- 
neral partially,  so  as  to  disengage  sulphurous  acid,  the 
oxide  combining  with  a  portion  of  the  acid  that  remainfi 
undecomposed.  When  tjhe  acid  is  diluted  with  water,  it 
enables,  by  a  resulting  affinity,  those  metals  which  have  a 
strong  attraction  to  water,  to  attract  it  from  the  water,  and 
hence  there  is  a  disengagement  of  hydrogen  gas. 

Sulphuric  acid  combines  with  the  alkalis,  earths,  and 
metallic  oxides ;  producing,  when  the  due  proportions  are 
observed,  mutual  neutralization  of  properties.  Its  salts 
are  named  Sulphates.  A  considerable  force  of  affinity  is 
exerted  between  their  constituent  principles,  and  this 
is  not  much  counteracted  by  any  tendency  of  the  acid 
either  to  elasticity  or  to  cohesion,  and  hence  they  are  not 
very  liable  to  decomposition  by  the  action  of  substances 
exerting  attractions  either  to  their  acid  or  base.  They 
are  decomposed  in  general  by  heat :  the  metallic  sulphates 
are  more  susceptible  of  this  decomposition  than  the  othersi 
the  acid  being  either  expelled,  or>  by  partial  decomposi- 
tion, giving  sulphurous  and  oxygen  gases ;  the  earthy  at  a 
higher  temperature  suffer  a  similar  decomposition.  The 
neutral  alkaline  sulphates  are  not  decomposed,  with  the 
exception  of  sulphate  of  ammonia ;  but  when  crystallized 
with  an  excess  of  acid,  part  of  that  excess  is  by  heat 
converted  into  the  same  products.  They  all  suffer  de- 
composition when  heated  with  carbonaceous  matter. 

Sulphate  of  Potash  is  formed  by  adding  diluted  sul- 
phuric acid  to  a  dilute  solution  of  potash^  or  of  carbonate 
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vessels^  and  on  cooling  aiFords  the  neutral  sulphate  in 
crystals.  It  is  also  obtained  as  a  residuum  in  other  pro- 
ceases,  particularly  in  the  preparation  of  sal-ammoniac 
from  muriate  of  soda  and  .ulphate  of  ammonia.  It  cry-- 
stallizes  in  six-sided  prisms,  bevelled  at  the  extremities. 
Its  taste  is  strongly  saline  and  bitter.  It  is  efflorescent  f 
the  crystals  in  a  dry  atmo^here  soon  becoming  white  and 
opaque,  and  at  length  they  fall  into  powder.  It  is  soluble 
in  less  than  three  times  its  weight  of  water  at  60°,  and  in 
leas  than  its  own  weight  at  212°.  Exposed  to  heat  it 
imdergoes  the  watery  fusion  ;  the  water  of  crystallization 

r 

is  soon  dissipated,  and  by  ui^ging  it  witli  a  strong  red 
heat  it  may  be  melted.  It  suffers  decompositions  similar 
to  those  of  sulphate  of  potash; 

Sulphate  of  Ammonia  crj'^stallizes  in  six-sided  prisms 
acuminated  by  six  planes,  the  crystals  being  generally 
slender.  It  is  soluble  in  about  two  parts  of  water  at  60°, 
and  in  an  equal  weight  of  boiling  water ;  is  slightly  efflo- 
rescent. Exposed  to  heat,  it  melts,  and  is  decomposed, 
part  of  the  ammonia  being  exhaled  j  at  ignition  its  acid  is 
decomposed. 

Sulphate  of  Barytes  is  formed  whenever  baiytes  is 
presented  to  sulphuric  acid,  in  whatever  state  of  combina- 
tion either  may  previously  exist.  It  is  precipitated  in 
powder,  which  is  not  soluble  in  water  in  any  appreciable 
quantity.  It  is  melted  by  a  strong  heat.  Wheij  heated 
with  carbonaceous  matter,  its  acid  is  decomposed,  and 
sulphuret  of  barytes  is  formed.  The  determination  of  the 
proportions  of  its  constituent  parts  is  of  considerable  im- 
portance, as  it  has  been  usually  employed  as  the  mode  of 
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obtaining  sulphuric  acid  free  from  water^  in  the  experi- 
ments made  to  detennine  the  proportions  of  the  princi- 
ples <^that  add.  The  results,  however,  have  been  very 
discordant ;  but  the'  proportions  fixed  by  fiJaproth  and 
Withering,  of  67  of  earth  and  33  of  acid,  have  been  lately 
confirmed  by  its  analysis  Iby  Mr  Thomson.  Besides  this 
neutral  salt,  barytes  can  combine  with  an  excess  of  sul- 
phuric acid  ^it  forms  a  liquid  that  congeals  into  a  conge- 
ries of  prisms;  this  is  decomposed,  and  the  neutral  sul- 
phate precipitated,  on  the  affiiision  of  water. 

Sulphate  of  Strontites  is  in  the  form  of  a  white 
powder,  insipid,  and  so  very  sparingly  soluble  in  water,  as 
to  require,  according  to  Dr  Hope's  experiments,  nearly 
4000  parts  for  its  solution.  It  combines  with  an  excess  of 
acid,  and  is  rendered  more  soluble  in  water,  and  crystal- 
lizable. 

^  Sulphate  of  Lime,  long  known  to  chemists  undefr  th« 
names  of  Gypsum  and  Sdenite,  is  one  of  t^e  saline  substan- 
ces most  abundant  in  nature.  It  forms  ^itire  beds,  is  dif- 
fiised  in  almost  every  soil,  and  is  contained  in  ahnost  all 
river  and  spring  water,  giving  rise,  when  the  quantity  is 
considerable,  to  the  quality  of  these  named  hardness.  '  It 
requires  about  500  times  its  weight  of  water  for  its  solu- 
tion at  a  mean  temperature.  At  that  of  212  it  is  more 
soluble,  and  this  latter  solution,  upon  cooling  dowly,  de- 
posites  minute  crystals.  Exposed  to  heat  it  a{^)ears  to 
efiPervesce  or  boil,  owing  to  the  expulsion  of  its  water ;  it 
becomes  opaque,  and  falls  into  a  white  powder.  Thid, 
diffused  in  water,  speedily  consolidates  from  a  species  of 
irregular  crystallization.     When  exposed  to  a  more  in- 
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teflBe  heati  ii  vitrifies  if  any  odier  eardi  is  mixed  wUh  it* 
Heated  on  charcoal»  or  by  the  bbwpipe^  it  u  partially  de« 
eompoeed,  part  of  the  oi^gen  of  its  acid  being  abrtracted* 
Its  principal  use  is  in  statuary,  apd  in  the  formaticHi  oC 
l^aster  or  stucco  work* 

Suu'HATE  OF  Magkesu  is  found  in  searwater^  and  in 
many  nHoeral  waters,  and  is  usu^ally  extracted  from  the 
brine  of  sea-water,  Bittern  as  it  is  named,  this  being  boil- 
ed down  until  it  afibrd  the  sidphate  of  magnesia,  on  coot 
ing,  in  acicular  crystals )  or  sulphate  ef  iron  is  added,  the 
Sulphuric  acid  of  which  combines  with  the  magnesia  of  the 
muriate  of  magnesia,  and  increases  the  quantity  ef  sul- 
phate. Obtained  in  this  way,  it  exhibits  a  confiised  maiss  of 
needlc-like  crystals,  which  are  deliquescent,  but  this  is 
owing  to  the  admixture  of  muriate  of  magnesia,  as  the 
pure  sulphate  is  rather  efflorescent.  By  slow  evapQratioQ 
of  its  solution,  it  crystallizes  in  quadrangular  prions  acu- 
minated by  four  planes*  These  crystals  are  soluble  in  lit* 
tie  more  than  their  own  weight  of  water,  at  the  tempera- 
ture of  60°,  and  in  three-fourths  of  their  weight  of  boiling 
water.  They  undergo  the  watery  fusion  at  a  very  mode- 
rate temperature,  and  the  dry  mass  which  remains  is 
melted  in  a  strong  heat,  but  is  not  decomposed.  The 
taste  of  thi*  salt  is  very  bitter,  and  the  bitterness  of  sea- 
water  and  many  mineral  springs  is  owing  in  part  to  its 
presence. 

Sulphate  of  Argil,  formed  by  dissolving  the  eartli  in 
sulphuric  acid,  crystallizes  when  there  is  no  excess  of  acid, 
in  scales  white  and  of  a  pearly  lustre,  which  alter  little  by 
exposure  to  the  air :  its  taste  is  astringent :  it  is  very  soluble 
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in  yrater:  when  es{x>sedto  heat, its  water  ofjCiystaQisaticm 
is  disisqmted^  and,  by  a  stronger  ,heat>  its  add  is  expelled. 
When  there  is  an  lexc^ess  of  acid,  the  compound  crystal* 
lizes  with  more  difficulty,  as,  on  evaporation,  it  assumes  a 
gelatinous  consistence.  Small  brilliant  crystals,  however^ 
;sune  formed  in  it. 

The  salt  known  by  die  name  x»f  Alum  is  a  ternary  com^ 
pound  of  argil)  p(H;ash  and  sulphuric  acid ;  sometimes  even 
ammonia  enters  into  the  composition,  and  there  is  klways  an 
^excess  of  sulphuric  acid }  its  composition,  as  stated  by  The- 
navd,  being  26  of  acid,  12.5  of  arjgil,  10  of  po|;ash,  and  51.4? 
4>fwaterofcrystallizatipn,freiq|uently  with  a  little  sulphate  of 
jron,  which  js  to  b^  regarded  as  an  impurity.  It  is  often 
ja  natural  product,  occurring  efflorescent  in  the  layers  of 
what  has  been  named  Alum  Slate )  and  it  is  also  formed 
by  an  artii^icial  process,  from  what  is  na^ed  Alnm  Ore; 
this,  which  appears  to  be  •  va^ety  of  sla|;e,  being  cajdnedy 
^nd  afterwards  exposed  to  the  atmoq>here  in  a  humid 
state.  The  saline  matter  is  extracted  by  lixiviistion,  a^ 
when  a  little  potash  has  been  added,  ajbum  is  obtained  hy 
crystallisation,  llie  alum  of  commerce  is  in  laige  masses, 
white  and  transpajrent*  When  r^ubrly  crystallized,  ^e 
form  of  the  crystals  jls  tpi  octaedron.  It  is  so^ublis  in  }5 
parts  of  ,coId,  and  in  twp  parts  of  bpiling  yratex :  its  cry* 
stcds  ai'c  slightly  efflorescent ;  its  taste  is  sweetish  and  as^ 
tringent.  Its  solution  reddens  the  vegetable  (poloiuis* 
When  e?q)Ofie|i  to  a  moderate  heat,  it  melts,  &ofB.  the  wa^ 
ter  of  crystallization  which  it  contams  dissolving  the  solid 
salt  'f  this  soon  evaporates,  and  leaves  a  light  white  pow* 
dox9  n^tned  3urnt  o^  Calcined  Alum.     By  a  strong  heat^ 
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the  acid  is  partly  expelled,  partly  decomposed,  a  quantity 
df  oxygen  being  afforded  by  its  decompoiition.  This  salt 
is  decomposed  by  the  alkalis,  andi>y  barytes,  lim^  and  mag- 
nesia,  which  attract  the  greater  part  of  the  acid,  and  pre- 
cipitate the  earth  with  a  smaU  quantity  of  acid  combined 
with  it  It  is  also  decon[iposed  when  eiqiosed  to  beat  with 
carbonaceous  matter. 

A  decomposition  of  this  kind,  in  which  a  L^rge  propor- 
tion of  carbonaceous  matter  is  used,  affords  a  very  pecu- 
liar product,  distinguished  by  burning  spontaneous  on 
exposure  to  the  air.  This  substance,  named  Pprc^hoiiii^ 
is  prepared  by  expodng  to  heat  in  an  Iron-pot,  three  parts 
of  alum,  with  one  part  of  flour :  the  mixture  liquefies,  and 
is  to  be  stirred  constantly  till  the  whole  becomes;  grey,  and 
easily  reducible  to  powder  while  hot*  The  coarse  powder 
is  put  into  a  coated  phial,  so  as  nearly  to  fill  it,  and  thi% 
slightty  stopped  with  clay,  being  surrounded  with  sand  in 
a  crucible,  is  exposed  to  a  red  heat,  untU  a  blue  flame  ap- 
pears at  the  mouth  of  the  phial :  \^hen  this  has  continued 
ten  minuteg,  the  crucible  is  removed  from  the  fire,  and 
the  phial,  when  sufficiently  cold,  is  accurately  stopt. 

This  substance  inflaqncs  in  atmospheric  air,  especially 
in  a  moist  atmosphere.  It  burns  brilliantly  in  oxygen 
gas,  in  nitrous  gas,  and  oxymuriatic  acid  gas,  and  is  in- 
flamed by  sulphuric  and  nitric  acids.  With  regard  to  the 
theory  of  its  combustibility,  it  has  been  proved,  that  in 
order  to  form  it  the  alum  must  contain  potash ;  the  sul- 
phuric acid  is  decomposed  by  the  carbonaceous  vegetable 
matter,  and  a  portion  of  sulphur,  which  is  its  base,  is  supr 
posed  to  combine  with  the  potash,  and  form  a  sulphuret^ 
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which  is.  intimately  difiused  through  the  ttrgUlaeeons  earth. 
There  likewise  remains  a  quantity  of  charcoal  in  the  aasti^ 
intimate  mixture,  and  "perfectly  dry.  When  eiposed  to 
the  air,  moisture  is  absorbed  by  the  sulphuret,  hf  which 
the  temperature  is  rsused :  the  sulphur  is  enabled,  by  a  dis- 
posing attra€ti(Mi  exerted  by  the  potash,  to  absorb  Oxy- 
gen :  it  is  inflamed,  and  kindles  the  dry  carbonaceous  mati^ 
ter,  the  inflammation  being  facilitated  by  their  extreme 
division,  from  their  intimate  mixture  with  the  argillaceous 
eartl),  and  the  extensive  surface  they  thus  present  to  the 
lair.  Mr  Davy  has  supposed,  that  a  portion  of  the  potash 
joiay  even  be  decomposed  by  the  joijit  action  of  the  sul- 
phur and  charco^l^  and  potassium  produced,  tp  which  the 
combustibility  may  be  principally  owing. 

Alum  is  used  in  a  variety  of  arts.  It  hardais  tallow: 
it  increases  the  adhesive  power  of  the  fiuina^epus  pastes ; 
it  renders  water  clear,  which  is  turbid  firom  the  admixture 
of  earthy  particles;  ajid  it  is  one  of  the  most  essential 
articles  in  the  art  of  dyeing,  fixing  the  colours,  and  ofteii 
adding  to  their  bnlliancy.  It  is  used  in  medicine  ^a  q 
powerful  astringent.  * 

.  The  other  sulphates  have  been  little  examined.  Sul- 
phate OF  Zii^coN  is  insipid  and  insoluble.  Sulphate  of 
Glucine  is  difficultly  crystajlizable;  its  taste  is  saccharine 
and  astringqit ;  it  is  yeiy  soluble  in  water,  its  solutipn  as- 
suming by  concentration  the  consistence  of  a  syrup. 
Sulphate  of  Ittria  crystallizes  in  small  brilliant  grainsy 
of  a  rhomboidal  form,  and  of  a  colour  inclining  to  amcn 
<J)yst  red.    Their  taste  is  sweet  and  astringent. 
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Hie  Tfanmimg  combinations  of  ttdphnric  add  &Q  to  be 
eonaidered  tuider  tbe  history  of  the  substances  to  wfaidh 
tbejr  belong.  The  ^cid  itself  is  of  extensive  use.  It  is  one 
of  the  most  important  agents  in  chemical  investigationsy 
either  by  the  affinities  it  eacerts,  or  by  the  oxygen  it  com- 
municates. In  the  arts  it  is  much  employed^  as  in  bleadi- 
iug  I  in  some  of  the  processes  of  dyeing ;  in  metallurgic 
operations,  and  in  the  preparation  of  neutral  salts. 


Sect.  llL-^Of  Stdphurous  Acid. 

Sulphurous  acid  is  formed  in  the  slow  combustion  of  stil* 
phur,  but  it  is  mixed  with  a  little  sulphuric  acid,  and  to  ob- 
tain it  pure,  the  process  followed  is  to  decompose  sulphuric 
acid  by  the  action  of  substances  which  partially  abstract 
its  oxygen,  and  which  do  not  form  an  aeriform  product. 
The  metals  produce  such  a  decomposition,  and  quicksilver 
or  tin  affords  the  purest  product.  One  part  of  either  is  put 
into  a  retort,  with  two  parts  of  sulphuric  acid;  heat  is  ap- 
plied by  a  lamp ;  the  metal  attracts  part  of  the  oxygen  of 
the  acid,  and  the  sulphurous  acid  gas  is  disengaged. 
Being  absorbed  by  w^ter,  it  is  received  over  mercurj\ 

The  composition  of  sulphurous  acid  has  been  stated  at 
85  sulphur  and  15  oxygen.  Dr  Thomson,  from  a  series 
of  experiments  on  the  compounds  of  sulphur  and  oxygen, 
gives,  as  the  proportions,  sulphur  68,  oxygen  32. 

This  acid  exists  in  the  state  of  gas ;  but  it  has  been  re- 
duced to  the  liquid  state  by  the  application  of  intense  cold, 
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and  strong  pressure.  In  its  nsual  state  its  q)ecific  gravity 
is  0.00251,  or  it  is  more  than  twice  as  heavy  as  atmosphe- 
ric air.  It  has  a  suffocating  pimgent  odour,  proves 
speedily  fetal  to  life,  and  instantly  extinguishes  combus^i 
tion. 

It  is  easily  absorbed  by  water,  100  grains  of  water 
taking  up  8.2  grains,  equal  to  33  titnes  its  volume.  The 
solution  has  a  pung^it  disagreeable  odour,  and  an  acid 
taste.  It  reddens  some  of  the  vegetable  colours,  while 
there  are  others,  however,  the  colour  of  which  it  destroys. 
From  the  application  of  a  moderate  heat,  the  greater  part 
of  the  gas  is  expelled,  though  the  liquor  remains  acid, 
from  the  presence  of  sulphuric  acid.  It  is  singular  that  it 
is  not  expelled  by  freezing;  it  remains  combined  with  the 
ice,  and  renders  it  so  heavy  that  it  sinks  in  water. 

llie  liquid  sulphurous  add  slowly  absorbs  oxygen  frota 
the  atmosphere,  and  is  converted  into  sulphuric  acid.  If 
they  are  mixed  even  in  the  gaseous  state,  if  a  small  por« 
tion  of  water  is  introduced,  they  gradually  combine.  By 
passing  a  mixture  of  oxygen  gas  and  sulphurous  acid  gas 
through  a  tube  heated  to  redness,  sulphuric  acid  is  also 
formed.  Hydrogen,  at  the  temperature  of  ignition,  at- 
tracts its  oxygen.  Charcoal,  at  the  same  temperature, 
produces  in  it  a  similar  change,  and  sulphur  is  deposited.  - 
It  is  not  decomposed  by  phosphorus,  and  it  acts  feebly  on 
the  metals. 

This  acid  combines  with  facility  with  the  alkalis,  form* 
ing  salts  denominated  Sulphites,  which  differ  considcraUy 
from  the  salts  formed  by  sulphuric  acid.  Their  taste  is 
sulphureous;  they  are  decomposed  l>y  a  liigh  tempera- 


428  OF  SULPHURETTED  HTJD|aOG£V. 

In  its  elastic  state*  sulphuretted  hydrogen  does  not  com* 
bine  with  oxygen  at  low  temperatures ;  but  if-  placed  over 
wate^j  tlieir  mutual  action  is  &cilitated  by  its  mediuni 
the  oxygen  combines  with  the  hydrogen*  and  a  thin  de* 
podite  of  sulphur  is  formed*  At  the  temperature  of  igni- 
tion the  combination  is  more  rapid.  If  the  suj^ujietted 
hydrogen  gas  be  kindled  in  contact  with  the  atmo^heric 
air,  it  burns  with  a  blue  lambent  flame.  When  previous^ 
ly  mixed  with  one  or  two  parts  of  atmospheric  air,  it  does 
not  detonate,  and  the  combustion  of  its  elements  is  not 
complete,  part  of  the  sulphur  being  deposited  on  th^  sides 
of  the  vessel.  When  nuxed  with  an  equal  vohime  of  oxy« 
g^n  gas,  and  kindled,  it  inflames  with  detonation,  the 
products  being  watery  vapour  and  sulphurous  acid.  It  is  de* 
composed  by  the  action  of  some  other  gases,  which  afford 
to  it  oxygen,  as  by  sulphurous  acid,  and  nitric  oxide  gas, 
the  oxygen  combining  principally  with  its  hydrogen,  and 
sulphur  being  deposited  :  oxy-muriatic  acid  gas  likewise 
causes  a  precipitation  of  sulphur.  From  the  results  of 
these  decompositions,  ITienard  hiferred,  tliat  it  is  compo- 
sed of  70.9  of  sulphur,  with  29.1  of  hydrogen.  Mr  Davy 
has  assigned  as  the  proportions  2.27  of  hydrogen,  and 
32.73  of  sulphur. 

Sulphuretted  hydrogen  exerts  a  peculiar  action  on  the 
metals.  It  tarnishes  them  quickly,  or  communicates 
shades  of  yellow,  Iwown  or  purple,  with  a  diminution  of 
metallic  lustre.  It  deepens  tlie  colour  of  their  oxides,  and 
if  added  to  metallic  solutions,  it  produces  a  precipitate  of 
the  metallic  oxide  or  of  the  metal  in  combination  with 
the  sulphur,  generally  of  a  dark  shade. 
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changed  in  its  qualities,  being  resolved  principally  into 
hydrogen ;  the  potassium  had  combined  principally  with 
the  sulphur,  and  from  the  products  obtained  by  the  ao- 
tion  of  muriatic  acid  on  this  compound,  Mr  Davy  infer- 
red that  it  did  not  consist  of  the  potassium  combined 
with  pure  combustible  matter,  but  contained  ofxygen. 

He  has  since,  however,  found  reason  to  call  this  conclu- 
sion in  question,  and  of  course  there  is  no  direct  evidence 
of  the  existence  of  oxygen  in  sulphuretted  hydrogen ;  for 
the  evolution  of  heat  and  light,  which  accompanies  the 
action  of  potasidum  €m  sulphuretted  hydrogen,  may  arise 
,  merely  from  the  intensity  of  chemical  action.  Still  there 
is  nothing  to  preclude  the  supposition,  and  on  the  theory, 
.  that  oxygen  alone  is  the  principle  of  acidity,  analogy 
would  be  in  favour  of  it.  Or,  if  the  other  view  which  I 
have  already  given  of  the  theory  of  acidity,  (page  384), 
that  it  is  a  property  derived  from  combustible  bases,  de- 
veloped only  by  substances  which  render  these  bases  solu- 
ble and  active,  it  may  be  admitted,  as  remarked  under 
the  statement  of  that  theory,  that  hydrogen  may  have  this 
effect  as  well  as  oxygen,  and  that,  therefore,  sulphuretted 
hydrogen  may  display  acid  powers,  though  no  oxygen  ex- 
ists in  its  composition. 

The  compounds  of  sulphuretted  hydrogen  with  the  al- 
kaline or  earthy  bases,  are  formed  by  transmitting  it  in 
its  elastic  form  through  water,  in  which  they  are  dissolved 
or  suspended,  continuing  the  transmission  until  they  are 
saturated.  They  are  named  Hydro-sulphurets.  They 
are  soluble  in  water,  and  crystallizable ;  their  solutions 
are  colourless,  while  the  air  is  excluded,  but  when  it  is  ad- 
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mitted,  they  become  tnrbid  from  decomposition ;  the  oxy'^* 
gen  of  the  air  combining  with  t^e  hydrogen,  a  portion  of 
sulphur  is  deposited,  and  another  portion,  if  the  exposure 
be  ocmtinued  -  sufficiently  long,  combines  with  oxygen, 
forming  sulphuric  acid.  They  are  decomposed  by  the 
acids,  sulphuretted  hydrc^en  being  disengaged ;  and  they 
precipitate  of  a  dark  colour  metallic  solutions. 

Hvdro-sulphuret  of  Potash,  obtained  by  the  above 
process,  is  in  prismatic  crystals,  white  and  ti'ansparent ;  its 
taste  is  bitter  and  alkaline ;  it  is  inodorous  when  dry,  but 
becomes  fetid,  if  moistene(L  It  attracts  humidity  from 
the  air,  is  soluble  both  in  water  and  alkohol,  and  when 
acted  on  by  acids,  gives  out  a  considerable  quantity  of 
sulphuretted  [hydrc^n.— -Hydrghsulphuret  of  Soda  is 
also  of  a  white  colour,  transparent,  crystallized  in  tetrae- 
dral  prisms^  acuminated  by  four  planes.  Its  taste  is  at 
first  acrid  and  alkaline,  soon  becoming  extremely  bitten 
It  dissolves  abundantly  in  water,  and  produces  cold  in  dis-> 
solving :  its  solution  is  colourless,  but  gives  a  green  tinge 
to  paper :  it  has  a  smell  of  sulphuretted  hydrogen.  Acids 
produce  with  it  a  brisk  eflfervescence.  and  render  this 
odour  very  strong ;  but  they  do  not  render  the  liquid  tur- 
bid. The  nitrous  and  oxy-muriatic  acids,  ho^crever,  pro- 
duce a  precipitate  of  sulphur. — Hydro-sulphuret  op 
Ammonia.  This  compound  is  formed  by  the  direct  com- 
bination of  its  principles  in  their  aerial  form,  a  thinr  soft 
deposite  being  formed  on  the  sides  of  the  vessel,  which 
exhales  a  penetrating  vapour  when-  exposed  to  the  air. 
Another  combination  is  obtained,  by  transmitting  sulphu- 
retted hydrogen  through  liquid  ammonia,  the  liquid  ac» 
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quiring  a  yeUowish  green  colour,  and  fetid  odour.  Ano- 
ther combination  long  known  to  chemistsi  by  the  name  of 
Fuming  liquor  of  Boyle,  is  prepared,  by  cxpoaing  to 
beat  in  a  retort  a  mixture  of  siilphur,  lime^  and  muriate 
of  ammonia ;  a  liquor  distils  over,  of  a  yellow  colour, 
which  has  a  sharp  fetid  odour,  and  exhales  white  vapours. 
It  varies  considerably  in  the  proportions  of  its  constituent 
parts* 

Hydbo-sulphuret  of  Barytes  is  formed  by  trans- 
mitting sulphuretted  hydrogen  gas  through  water,  in 
which  barytes  is  suspended ;  it  is  abundantly  soluble:  and 
when  barytes  and  sulphur  are  boiled  together  in  water, 
the  barytes  renders  soluble  about  one-fourth  of  its  wei^ 
of  sulphur,  and  a  solution  is  formed  of  a  yellowish  red  co- 
lour, which,  when  concentrated,  dqposites  crystals  of  the 
form  of  hexaedral  prisms.  These  according  to  BerthoBet 
consist  of  hydro-sulphuret  of  barytes,  without  any  excess 
of  sulphur.  They  give  out,  when  acted  on  by  an  acid,  t 
large  quantity  of  sulphuretted  hydrogen-  They  are  wliite, 
transparent,  and  of  a  silky  lustre.  A  similar  result  is  ob- 
tained fix)m  eiCher  of  these  processes  with  StrcMitites ;  and 
it  is  probable  that  the  compound  is  of  the  same  nature. 
Hydro-sulphuret  of  Lime  can  be  formed  by  transmit- 
ting sulphuretted  hydrogen  gas  through  water  in  which 
lime  is  suspended.  The  compound  is  capable  of  crystal- 
h'zing  in  prisms :  it  is  soluble  in  water ;  the  solution  u 
without  colour,  but  has  a  fetid  smdl.  Sulphuretted  hy- 
drogen transmitted  through  water  in  which  magnesia  is 
suspended,  dissolves  a  small  quantity  of  it.  Its  relations 
to  the  other  earths  have  not  been  examined. 
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II.  SuPKiusuTLPHURETTED  Hydbogen.— Besides  the 
compound  of  sulphur  and  hydrogen,  which  forms  sulphu- 
retted hydrogen,  th^  appear  to  combine  in  other  propor- 
tions, so  as  to  form  different  compounds.  One  of  this 
kind  is  in  particular  formed  by  the  action  of  alkaline  sul- 
phurets  on  water ;  it  was  observed  by  Scheele,  and  after- 
wards by  BerthoQet.  It  has  been  named  more  peculiarly 
Super-sulphuretted  Hydrogen,  and  by  isome  chemists  Hy- 
droguretted  Sulphur. 

If  a  large  quantity  of  muriatic  acid  be  added  to  a  solu« 
tion  of  an  alkaline  sulphuret;  or  if  small  quantities  of  the 
flohitibn  be  poured  into  the  acid,  a  litde  sulphuretted  hy- 
drogen gas  is  disengaged,  part  of  the  sulphur  is  precipita- 
ted, but  a  portion  exists  combined  with  the  remaining 
sulphuretted  hydrogen,  forming  a  liquid  which  has  the 
si^earance  of  oil,  of  a  yellow  or  reddish  colour,  and  which 
60on  subsides  to  the  bottom  of  the  vessel.  Tliis  is  what 
has  been  named  Super-sulphuretted  Hydrogen. 

It  has  been  little  examined  in  its  insulated  state,  and  in- 
deed it  is  not  easily  submitted  to  much  chemical  examina- 
tion, as  it  is  extremely  susceptible  of  decomposition.  Sul- 
phuretted hydrogen  escapes  from  it  even  at  moderate  tem- 
peratures, and  it  is  also  decomposed  by  the  action  of  the 
air.  In  its  action,  however,  on  the  alkaline  and  earthy 
bases,  it  forms  combinations  of  some  iQterest  and  impor- 
tance. 

These  compounds  are  obtained  by  boiling  an  alkaline 
or  earthy  hydro-sulphuret  with  an  additional  prqpoi:tion 
mf  sulphiu:.    They  are  also  formed  merely  by  boiling  sulr 
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phur  with  an  earth  or  alkali  in  water,  or  by  previously 
combining  die  foi^hur  with  the  earth  or  alkali  by  fuaon, 
and  then  dissolving  this  in  water.    Ib  either  oaae^  a  de- 
composition of  part  of  the  wat^  is  produced  s  ilaoiygeDis 
attracted  by  a  portion  of  the  sulphur  and  snJ^uic  add 
formed,  which  is  saturated  by  the  requisite  prqpnrtiop  of 
the  alkaline  or  earthy  base.    The  hydrogen  cf  d»  deooni* 
posed  water  unites  with  the  remaining  sulphur,  aad  with 
it  and  the  rest  of  the  base  forms  a  ternary  compound  so- 
luble in  water ;  and  as  there  is  in  the  hquor  a  great  excess 
of  sulphur,  the  combination  established  is  aot  that  idbich 
constitutes  sulphuretted  hydrogen,  but  is  siqperugd^uret- 
ted  hydrogen.     It  is  probable  even  that,  according  to  lihe 
relative  proportions  of  the  sulphiu*  and  aflcali,  the  deoem* 
position  of  the  water  may  take  place  to  a  greater  or  less 
extent,  and  that  these  compounds  may  therefore  vary  in 
the  proportions  of  their  constituent  princijdes.     They  are 
accordingly  of  different  shades  of  colour,  from  reddishryet 
low  to  a  yellowish-green,  and,  what  is  a  moi«  direct  proof 
of  this,  when  they  are  decomposed  by  an  acid,  they  aflford 
variable  quantities  of  sulphur  by  precipitation.     The  pre- 
sence of  the  small  portion  of  sulphate  that  is  produced  in 
their  formation  does  not  appear  materially  to  modify  their 
properties.    They  may  be  named,  from  the  nature  of  their 
composition,  Sulphuretted  Hydro-sulphurets.    The  name 
of  Hydroguretted  Sulphur  having  been  given  to  that  coiBr 
pound  of  sulphur  and  hydrogen  in  which  sulphur  predo- 
minates, and  this  being  the  compound  which  they  contain, 
they  have  been  named  Hydroguretted  Sulphurets  j  but  the 
name  is  so  harsh  that  it  can  scarcely  be  adopted,  and  the 
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base,  by  a  resulting  affinity  promoting  the  combination, of 
the  sulphur  and  oxygen. 

From  this  power  of  absorbing  oxygen  gas,  these  liquors 
have  been  applied  to  the  purpose  of  eudiometry,  and  they 
a£Pord,  on  the  whole,  one  of  the  best  eudiometers.    The 
liquor  employed  has  been  either  the  sulphuretted  h^dro- 
sulphuret  of  piotash  or  of  lime ;  the  latter  being  easily  pre- 
pared in  a  high  state  of  concentration,  is  preferred.     It  is 
obtained  by  boiling  equal  weights  of  lime  and  sulphur  in 
10  or  12  times  their  weight  of  water.     When  a  tube  con- 
taining atmospheric  air  is  placed  in  a  portion  of  this  K- 
quor,  the  oxygen  of  the  contained  air  is  gradually  absorb- 
ed, and  the  liquor  rises  within  ^  aild  if  the  tube  has  been 
graduated,  the  quantity  of  oxygen  abstracted  is  indicated. 

This  method  of  operating,  however,  has  the  disadvan- 
tage of  slowness ;  the  liquor,  from  the  smallness  of  the 
surface  in  contact  with  the  air,  absorbing  the  oxygen  on- 
ly very  gradually,  and  a  considerable  time,  too>  being  re- 
quired to  mark  when  the  absorption  has  become  complete. 
It  is  of  importance,  therefore,  to  accelerate  the  operation, 
and  the  apparatus  which  Dr  Hope  employs  does  so  with 
every  advantage.  It  consists  (fig.  21.)  of  a  small  bottle 
designed  to  contain  the  sulphuretted  solution  ;  to  the 
mouth  of  this  is  accurately  adapted  by  grinding,  a  tube 
divided  into  100  equal  parts,  and  towards  the  bottom  of 
the  bottle  is  an  orifice  fitted  with  a  stopper.  The  bottle 
being  filled  with  the  solution,  and  its  orifice  being  covered 
with  a  flat  plate  of  glass,  it  is  placed  under  the  surface  of 
water,  and  the  graduated  tube  containing  the  air  subject- 
ed to  trial,  is  inserted  into  it.     The  apparatus  is  removed 
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from  the  water)  is  inclined  so  as  to  allow  part  of  the  liquor 
to  flow  into  the  tube,  and- agitated  strongly.  It  is  replaced 
in  the  water,  and  the  stopper  at  the  under  orifice  with- 
drawn, when,  from  the  absorption  of  the  oxygen  of  the 
air,  a  quantity  of  water  rushes  in.  .  The  stopper  is  again 
introduced,  the  agitation  renewed,  and  the  operation  is  re- 
peated  until  the  absorption  proceeds  no  farther.  The 
amount  of  this  may  be  determined  by  plungitig  the  bottle 
with  the  tube  adapted  to  it  into  water,  removing  the  stop- 
per of  the  under  orifice,  and  taking  care  that  the  water 
without  is  at  the  same  level  as  the  liquor  within,  allowing 
it  also  to  stand  for  a  short  time,  that  any  slight  rise  of 
temperature  from  the  application  of  the  hand  during  the 
iagitation  may  have  ceased* 

The  diminution  which  atmospheric  air  suffers  when  sub^ 
jected  to  this  eudiometrical  method,  is  between  21  and  i2 
in  100.  Generally  speaking,  it  is  to  be  preferred  to  every 
other,  as  of  easiest  execution,  and  liable  to  fewest  errors. 
The  only  fallacy  to  which  it  appears  subject,  is  the  absorp^ 
don  of  a  small  quantity  of  nitrogen  gas.  If  the  liquor  has 
been  newly  prepared  by  boiling,  and  if  used  without  pre- 
vious exposure  to  the  air,  it  will,  in  common  with  any 
other  watery  liquid,  absorb  a  portion  of  the  atmospheric 
air  undecomposed,  or  of  its  nitit>gen  as  well  as  of  its  oxy- 
gen, and  the  substances  with  which  it  is  impr^nated  per- 
haps even  render  the  absorption  of  nitrogen  rather  great- 
er than  it  would  be  by  pure  water.  Accordingly,  under 
these  circumstances,  it  has  been  found  that  nitrogen  is  ab* 
sorbed  by  these  liquids  ^  but  this  is  easily  obviated,  by  agi* 
tating  the  liquor,  if  it  has  been  newly  prepared,  with  at* 
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moflpbeiic  air  before  usiiig  it  It  &rtlier .  appears  Aat 
when  these  liqqcMrs  are  kq)t  for  a  considerable  time  in  ooi^ 
tact  with  the  air,  the  condensed  nitrogen  combines  with 
the  hydrogen  of  the  sulphuretted  conqxHrnd,  and  forms 
ammonia ;  a  fresh  portion  of  nitrogen  is  absorbed, -and  this 
continues  to  proceed,  so  that  the  diminution  of  Tnilume  is 
at  length  considerable  \  Scheete,  for  example,  lumng  found 
it  to  amount  in  atmospheric  to  28  in  100  parts,  undoubt- 
edly from  this  cause.  But,  in  performing  the  experiment 
in  the  above  mode,  this  source  of  fallacy  cannot  operate. 
The  properties  of  the  different  compounds  of  this  dass 
with  the  alkalis  and  alkaline  earths  are  so  similar  as  to  re- 

r 

quire  no  distinct  enumeration.  They  are  all  liable  to  vary 
in  their  state  of  concentration  from  the  rdative  quantistie 
of  their  ingredients  $  and  there  is  also  reason  to  believe^  as 
has  been  already  remarked,  that  the  compound  of  suljAur 
and  hydrogen  which  they  contain,  differs,  from  this  cause, 
in  the  proportions  of  its  constituent  principles.  Those  of 
potash,  soda,  ammonia,  barytes,  strontites  and  lime,  may 
be  obtained  highly  concentrated ;  that  with  magnesia  is 
less  perfect,  and  contains  much  less  sulphur  dissolved. 


Besides  these  compounds  of  sulphur  and  hydrogen, 
some  other  products  have  been  obtained  from  the  action 
of  certain  substances  on  sulphur  which  have  been  supposed 
to  be  formed  of  these  elements.  Lampadius  had  observed 
the  production  of  a  substance  possessed  of  some  singular 
qualities,  in  submitting  to  heat  a  mixture  of  native  sulphu. 
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nt  cf  htoi  with  chalicoalt  coal»  or  bituminlited  wood ;  and 
die  satne^  or  a  similar  product^  is  obtained  by  eKposiog  to 
beat  a  mixture  of  sulphar  and  charcoal,  or  passing  sulphur 
in  vapour  orer  diarcoal  ignited  in  4t  tiibe.  Lampadiu«^ 
from  its  inflammability  and  volatility,  named  it  Alkohol  of 
Sulphur.  It  is  liquid,  colourless,  or  of  a  greenish  tinge  with 
Iranqmrency ;  H  has  a  penetrating  odour,  is  highly  volatile^ 
producing  in  its  spontaneous  evaporation  a  considerable  de* 
gree  of  cold  $  it  boils  at  104*,  or,  if  the  atmospheric  pressure 
is  removed,  it  assumes,  at  natural  temperatures,  the  elastic 
form;  it  is  heavier  than  water,  its  specific  gravitybeing  1  S00| 
it  is  highly  inflammable,  burns  with  a  blue  flami^  and  without 
smoke,  and  affords,  by  its  combustion,  sulphurous  or  sul** 
pkaaic  add  and  a  fitde  water.  It  is  soluble  in  water 
though  sparingly,  and  is  more  Abundantly  solute  in  alko*. 
hoL^  LampadiuB  supposed  it  to  be  a  compound  of  sulphur 
and  hydrogen.  Clement  and  Desorn>e8,;on  the  contraryi 
who  examined  its  production,  consider  it  as  a  compound 
of  charcoal  and  sulphur,  and  name  it  Carbnretted  Sul* 
phur.  The  determination  of  this  question  with  r^aid  to 
the  composition  of  this  substance  has  occupied  the  attoi-* 
tion  of  several  chemists,  and  it  does  not  yet  appear  to  be 
altogether  without  doubt.  Clement  and  Desormes  ob- 
served that  the  charcoal  disappeared  in  the  process  of  dts 
formation,  if  a  sufl^cient  quantity  of  sulphur  were  empk>y^ 
ed,  and  that  in  burning  it  gave  a  residuum  of  charcoak 
The  younger  BerthoUet,  however,  submitting  it  to  es^ami^ 
nation,  found  that  it  dqx)sites  no  charcoal  in  its  combus- 
tion, and  diat  in  the  products  no  indication  of  carbonic 
acid  could  be  discovered ;  and  when  decomposed  by  oxy- 
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muriatic  acid,  there  is  also  no  trace  of  charcoaL  Robiqiiet 
assisted  by  Vauquelin,  obtained  the  same  results.  Hence 
it  maybe  concluded,  that  it  is  a  compound  of  sulphur  and 
hydrogen,  the  hydrogen  being  derived,  according  to  Bar- 
thoOet,  from  both  the  sulphur  and  charcoal.  Mr  Davy 
has  since  remarked,  that,  from  experiments  made  upon  it, 
he  finds  it  to  difier  considerably  according  to  the  kind  of 
charcoal  employed  in  its  formation.  If  this  has  been  imper- 
fectly made,  the  product  affords,  by  combustion,  a  carbo- 
naceous residuum,  while,  if  the  charcoal  had  been  well  cal- 
cined, this  could  not  be  observed.  It  appears  on  the 
whole,  therefore,  that  sulphur  and  hydrogen  are  its  chief 
constituent  principles. 

In  the  process  by  which  this  product  is  obtained,  other 
substances  are  formed,  probably  of  analogous  constitution, 
though  varying  in  the  proportions  of  their  constituent 
principles.  If  little  sulphur  be  employed  the  product  is 
principally  gaseous,  has  the  odour  of  sulphuretted  hydro 
gen,  but  differs  from  it  in  being  less  soluble  in  water.  The 
liquid  obtained  is  even  of  different  degrees  of  density,  ac- 
cording as  the  temperature,  volatilizing  more  or  less, of  the 
sulphur,  regulates  the  proportions.  And  if  there  be  a 
great  excess  of  sulphur,  a  solid  substance  is  obtained,  which 
contains  a  smaller  proportion  of  hydrogen.  It  has  a  la- 
minated texture,  a  specific  gravity  a  little  inferior  to  that 
of  sulphur,  a  fetid  smell,  and,  when  heated,  gives  out  sul- 
phuretted hydrogen.  It  is  not  impossible,  too,  but  that 
oxygen  may  enter  into  the  composition  of  some,  or  all  of 
these  products. 
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Sect.  X.^^Cftke  Compounds  qfStdphur  with  the  Alkaiis 

and  Earths. 

,  Sulphur  combines  with  the  ^xed  alkalis^  and  with  se- 
veral of  the  earths^  forming  su^hurets,  of  which.the  che- 
mical history  remains  to  be  given.  These  compounds  are 
formed  by  exposing  the  alkali  or  earth,  with  the  due  pro- 
portion of  sulphur,  to  a  moderate  heat  in  a  covered  crttci- 
fole.  They  exist  only  in  the  solid  form ;  for  when  dissolv- 
ed in  water  new  combinations  are  established  from  the  de- 
composition of  the  water,  as  has  been  explamed  under  the 
preceding  section. 

SuLPHURET  OF  PoTASH  is  formed  by  exposing  to  heat 
in  a  covered  crucible,  equal  parts  by  wei^t  of  su^hur  and 
dry  concrete  potash^  the  compound  melts.  When  it  has 
become  concrete,  it  is  firm  and  britde,  of  a  dark  reddish- 
brown  colour.  A  similar  combination  is  obtained,  by  ex- 
posing to  heat  one  part  of  sulphur  with  two  parts  of  ^ub- 
carbonate  of  potash,  but  it  appears  to  be  less  intimate, 
part  of  the  carbonic  acid  probably  being  retained :  its  co^ 
lour  is  grey  or  green.  Sulphuret  of  potash  is  inodorous 
while  it  remains  dry ;  but  when  moistened  or  dissolved, 
acquires  a  fetid  smell,  from  the  production  of  sulphuretted 
hydrogen.  It  is  fusible,  and  when « exposed  to  a  strong 
heat  in  close  vessels,  a  portion  of  sulphur  is  sublimed  fiaom 
it.  From  suffering  a  chemical  change  when  in  a  state  of 
solution,  it  is  scarcely  pebble  to  discover  precisely  its  p^ 
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culiar  agencies.  One  singular  property  belonging  to  it, 
isj  that  when  fused  with  smne  €t  the  metals,  with  gold  for 
example,  a  combination  is  formed,  which  is  soluble  in  wa* 
ter, — a  fact  obserred  by  Stahl,  and  not  yet  fidly  efaicidated. 
SuLPHURET  OF  SoDA  is  fi>rmed  by  the  same  process  as 
sulphuret  of  potash,  and  has  been  described  as  similar  in 
i^pearance.— -SuLPHURET  of  Ammonia  does  noicadsi,  as 
th^e  is  no  mode  of  bringing  its  elements  to.  act  on  eadi 
other,  without  the  production  of  sulphuretted  hydrogen*—^ 
Sulphuret  of  Barttes  is  formed  by  exposing  sulphur 
and  barytes  to  a  red  heat  in  a  covered  crucible ;  the  com- 
pound has  a  reddish-yellow  colour.  —  Sulphuret  op 
Strontites  is  formed  by  a  similar  process,  as  is  also  the 
Sulphuret  of  Lime  $  and  in  external  appearance  they 
are  nearly  the  same. 


Sulphur  appears  capable  of  combining  with  the  bases 
of  the  alkalis  and  earths.  Mr  Davy  found  that  it  unites 
with  potassium,  when  they  arte  brought  into  contact  in 
tubes  filled  with  the  vapour  of  naphtha ;  there  is  a  rapid 
evolution  of  heat  and  light,  arid  a  grey  substance  in  ap- 
pearance like  artificial  sulphuret  of  iron  is  formed.  This 
sulphuretted  potassium  easily  inflames ;  it  is  also  gradually 
oxygenated  from  exposure  to  the  air,  and  converted  into 
sulphate  of  potash.  Sodium  and  sulphur  combine  with 
equal  facility,  intense  heat  and  light  being  disengaged. 
ITie  compound  is  of  a  deep  grey  colour.  The  phenome- 
na displayed  in  these  combinations  are  similar  to  those 
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nrhidi  attend  die  comt)inations  of  sulphur  vritli  the  me* 
tab  s  and  the  eompounds  have  properties  siniilar  to  the 
ixietallic  8ii)phiuret& 


CHAP.  III. 

OF  CABBOKIC  ACIB,  I^^  ^AflE,  Al!fD  THEIR 

COMBINATIONS. 

iv  the  combustion  of  charcoal  an  acid  is  produc64 
which  exists  in  the  aerial  form.     Charcoal  being  a  hetero^ 
^neous  substanee,  or  contaming  with  its  inflammable 
matter  small  portions  of  saline  and  earthy  substances^  the  * 
term  Carbon  .was  introduced  to  denote  its  pure  base>  and' 
the  add  formed  in  its  combustion  was  hence  named  Car* 
bonic  Add*     Carbon,  in  this  sense,  ^r^re,  denoted 
merety  the  inflammable  ipatter  of  ^harcoaL     But  it  was 
afterwards  discovered,  that  the  same  matter  exists  nnder 
other  forms.    Tlie  diamond,  wMch  was  known  to  be  com^ 
bustible,  was  found  to  jdeld  carbonic  add  as  the  only  sen- 
sible  product  of  its  combustion,  and  h^ice  came  to  be  re* 
garded  as  pure  carbon.  And  the  mineral  substance  known 
by  the  name  of  Plumbago  or  Graphite,  was  also  found  to 
be  chiefly  carbon  with  a  smajl  portion  of  iron.    It  is^  not 
certain  but  that  charcoal,  even  in  die  purest  state  in  which 
it  can  be  procured,  contains  hydrogen  $  and  Mr  Davy  has 
supposed,  that  in  diamond  there  is  a  small  portion  of  oxy* 
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gen.  The  pure  inflammable  base,  therefore,  that  to  whick 
the  name  of  Carbon  is  appropriated,  is  perhaps  unknown 
to  us  i  and  analogy,  as  well  as  the  phenomena  it  presents 
in  its  combination  with  iron,  might  lead  to  the  suspicion 
of  its  being  metallic.  The  quantity  of  foreign  matter  with 
which  it  is  combined  in  these  substances,  appears,  how* 
ever,  to  be  small.  It  farther  exists  as  a  piincipal  ingre- 
dient of  all  vegetable  and  animal  substances,  and  is  exten- 
sively distributed  in  the  mineral  kingdom  :  Diamond,  as  its 
purest  form,  may  jQrst  be  considered. 


Sect.  I. — Of  Diamond. 


A 


The  Diamond,  the  gem  which,  from  its  lustre  and  hard^ 
ness,  is  of  greatest  value,  is  found  in  India  and  in  Brazil* 
It  occurs  crystallized,  is  colourless  or  tinged  of  various 
shades,  transparent,  and  has  a  laminated  structure;  in 
hardness  it  is  superior  to  every  other  substance  ;  its  speci- 
fic gravity  is  3.5. 

From  its  high  refractive  power,  Newton  conjectured 
that  the  diamond  must  be  an  inflammable  body.  It  was 
found  tp  be  dissipated  when  placed  in  the  focus  of  a  power- 
ful burning  mirror,  and  even  in  the  heat  excited  in  a  fur- 
nace. In  the  latter  mode  of  making  the  experiment,  its 
surface  was  observed  to  be  luminous ;  and  at  lensth  it  was 
ascertained,  that  at  a  temperature  sufficiently  elevated  it 
suffers  a  real  combustion.  The  object  of  inquiry  was  then 
to  ascertain  what  is  the  product  of  its  combustion  j  La- 
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wisier,  making  experiments  with  this  view,  observed^  that 
if  the  diamond  were  not  highly  heated,  its  sur&ce  became 
covered  with  a  thin  coating  of  charcoal,  and  when  by  rai- 
sing the  heat  higher  the  combustion  was  rendered  com«^ 
plete,  the  only  sensible  product  was  carbonic  acid.  He 
concluded,  therefore^  that  there  exists  a  great  analogy  be^ 
tween  diamond  and  charcoal  in  chemical  constitution. 

Mr  Tennant,  some  years  afterwards,  burning  the  dia- 
mond by  the  aid  of  nitre  in  a  gold  tube,  concluded  from 
the  product  of  carbonic  acid,  that  the  quantity  afforded  by 
a  given  weight  of  diamond  is  the  same  as  is  afforded  by 
the  same  weight  of  charqoal,  and  hence  inferred,  that  the 
diamond  differs  from  charcoal  only  in  the  state  of  aggre- 
gation and  its  crystallized  form.  Guyton,  from  a  series  of 
experiments,  advanced  a  different  opinion.  Placing  the 
diamond  in  pure  oxygen  gas,  and  heating  it  by  directing 
on  its  surface  the  solar  rays  concentrated  by  a  lens,  he  ob- 
served, as  Lavoisier  had  before  done,  that  its  surface  was 
first  charred  ;  when  the  heat  was  applied  in  more  int^isity 
this  disappeared,  and  it  began  to  bum  with  a  glow  of 
light.  On  estimating,  at  the  end  of  the  experiment,  the 
quantity  of  carbonic  acid  it  produced,  it  exceeded  consi- 
derably the  quantity  that  would  have  been  produced  from 
the  consumption  of  the  same  weight  of  charcoal,  100  parts 
of  carbonic  acid,  as  he  stated  the  results,  being  obtained 
from  the  disappearance  by  combustion  of  17.88  of  dia- 
mond, while  the  same  quantity  only  is  formed  from  the 
combustion  of  28  of  charcoal.  He  concluded,  therefore, 
that  the  differeni^  between  these  two  substances  is,  that 
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the  diamond  is  the  pure  carbonaceous  baeej  while  char«* 
coal  is  an  oxide  of  carb(Mi. 

The  mode,  however,  in  which  Guyton  estimated  the 
quantity  of  carbonic  acid  was  not  free  from  objections,  and 
Biore  lately  Messrs  Allen  and  Pepys  have  rq>eated  the  ex<« 
periment  of  the  combustion^f  these  substances  in  oaygen 
gas,  and  have  found  that  the  proportions  of  os^gen  eon« 
sumed,  and  of  carbonic  acid  formed  from  equal  weights  of 
each  are  the  same  $  whence  they  have  concluded,  as  Mr 
Tennant  had  before  done,  that  they  differ  merely  in  ag- 
gregation and  form.    I  shall  have  to  state  that  there  is 
some  reason  to  conclude,  that  Charcoal  contains  a  small 
quantity  of  hydrogen,  and  Mr  Davy  has  supposed,  that 
diamond  may  contain  a    minute   quantity  of  oxygen. 
These  differences  may  exist  without  being  capable  ci  being 
discovered  by  any  difference  in  the  products  of  combus- 
tion, as  the  small  portion  of  hydrogen  in  charcoal  will  form 
water,  which  will  be  retained  in  combination  with  thecar^ 
bonic  acid  gas. 

The  diamond  requires  a  high  temperature  to  cause  it  to 
bum,  and,  even  when  kindled  in  oxygen  gas,  does  not' 
evolve  so  much  caloric  as  to  support  the  necessary  heat  It 
presents  different  appearances,  according  to  the  tempera* 
tore ;  its  surface  being  blackened  if  the  heat  is  not  suffi- 
ciently liigh,  and  the  illumination  being  brighter  as  it  is 
raised. 

Tlie  diamond  is  scarcely  acted  on  by  any  other  agent. 
By  sulphuric  acid  heated  on  it,  it  appears  to  be  charred ', 
the  other  acids  do  not  affect  it,  an  inertness  evidejitly  aw« 
Tnrj  to  its  state  of  aggregation. 
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Sect.  W^r^Qf  Phemhagpi  Sfc*  *         ^ 

V 

This  smbstance,  the  Black  Lead  of  C<»nmerce,  k  a  mi- 
I^rai  production.  Its  relation  to  carbonaceous  matter, 
and  at  the  i^ame  time  the  esdsteoce  of  iron  in  it,  were  first 
i^bserved  by  Scheele ;  and  &om  subsequent  es^riments 
bjr  Pelletier  and  Monge,  it  was  inferred  to  be  a  compound 
of  carbon  £uid  iron,  containing  from  5  to  10  of  iron  in  100 
parts.  Guyton  supposed,  that  it  consumes  more  oxygen 
in  its  combustion  than  charcoal,  and  that,  therefore,  though 
an  oxide  of  carbon,  it  approached  nearer  to  the  pure  in- 
flammable base.  Tliis  conclusion  rested  on  no  decisive 
evidaice  y  aad  Messrs  Alien  and  Pq>ys  have  found,  that 
jthe  carbonapeous  matter  of  it  consumes  the  same  quanti- 
ty of  oitygem  and  a&rds  the  same  quantity  ci  carbonic 
acid  as  charcoal.  Mr  Davy  r^ards  it  as  carbon  c(»nbined 
with  isoB,  and  has  su{^K>sed,  that  as  it  exists  ia  this  com- 
bination^ the  carbon  approaches  to  the  metalHc  state,  the 
eoB^ound  bmg  a  conductor  of  electricity,  opaque,  with 
considerable  lustre*.  It  so  fiur  approaches  in  chemical  dui- 
racters  to  the  diamond  as  to  be  little  fU!ted  on  by  any  die- 
mical  1^1^  and  to  be  so  imperfectly  combustible  as  tore* 
quire  a  very  elevated  temperature,  and  the  continued  ap- 
pltieation  of  external  heat  to  cause  it  to  bum. 

Ilie  substance  oacaed  Mineral  Carbon,  Inoombostihle 
Goal,  or  A^^tbo^acite,  appears,  so  &r  as  r^pirds  its  carbona- 
ceous matter,  to  be  in  a  similar  state.  It  differs  from  other 
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coals  in  containing  no  bitumen ;  and  it  is  mudh  less  com- 
bustible, burning  only  at  an  elevated  temperature,  and 
scarcely  evolving  so  much  heat  as  is  su£Bcient  to  sustain  its 
combustion.  With  carbonaceous  matter  it  contains  por- 
tions  of  silex,  argil,  and  iron.  Guyton  had  suj^MMed  it  to 
be  an  oxide  of  carbon  at  a  lower  degree  <^  oxidadoQ  than 
common  charcoal;  but  Allen  and  Pepys  have  found  that  it 
consunies  in  burning  the  same  quantity  of  oxygen,  andaf* 
fords  the  same  quantity  of  carbonic  acid ;  and  its  inferior 
combustibility  is  probably  owing  to  its  state  of  aggregation. 


Sect.  III. — Of  Charcoal. 

Charcoal  is  obtained  from  the  imperfect  combusticm 
of  wood  J  the  wood  cut  into  billets  being  reared  in  a  pil« 
arhich  is  covered  with  earth  or  turf,  apertures  being  left  to 
regulate  the  circulation  of  air,  by  which  the  combustion, 
when  the  wood  is  kindled,  is  supported.  This  combustion  is 
carried  on  as  slowly  as  possible ;  the  volatile  principles  of 
the  wood,  particularly  its  oxygen  and  hydrogen,  with  a 
portion  of  its  carbon,  form  volatile  products,  which  are  dis* 
engaged ;  and  there  remains  at  length  the  black  porous 
substance  which  forms  common  charcoal,  retaining  fre- 
quently the  figure  and  texture  of  the  wood.  To  prepare 
it  thoroughly,  it  requires  to  be  exposed  to  a  red  heat  with 
the  exclusion  of  the  air  :  this  is  done  by  covering  it  with 
sand.  By  the  same  method,  well  prepared  charcoal  may  at 
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not  be  essential  to  it,  and  may  be  expdled  if  the  diazioofll 
is  more  completely  prepared.  It  appears  tpo>  that  chai^ 
coal  imbibes  hmnidity  very  rapidly,  absorbing  it  even  fiom 
the  air,  and  in  such  experiments  this  may  be  the  soiiroeof 
the  hydrogen  which  appears. 

The  operation  of  both  these  causes  is  nnqaestionahle 
in  some  of  the  experiments  which  have. been  made  on 
this  subject^  but.  there  are  others  in  which  we  can  scarcely 
admit  their  influence,  and  in  which  the  existence  of  hy- 
drc^en  in  charcoal  is  still  indicated.     In  particular,  when 
charcoal  has  been  thoroughly  calcined  by  exposure  to  an 
intense  heat,  and  immediately  on  its  removal  from  the 
fire,  without  being  allowed  to  cool  under  exposure  to  the 
air,  is  mixed  with  sulphur,  the  mixture,  when  urged  by 
heat,^   aSbrds  both  sulphuretted  and  super-sulphuretted  * 
hydrogen,  and  in  such  quantities,  that  the  hydrogen  exist- 
ing in  these  products  cannot  be  supposed  to  be  derived 
from  the  sulphur  alone.     Mr  Davy  also  finding  that  a 
small  quantity  of  aerial  fluid  is  given  out  in  submitting 
charcoal  in  the  best  state  of  preparation  to  the  intense 
hertt  of  a  galvanic  battery,  has  supposed  that  it  contains  a 
minute  proportion  of  hydrogen. 

There  are  even  some  facts  from  which  the  existence  of 
a  little  oxygen  in  charcoal  may  be  inferred,  particularly  the 
singular  <me  observed  both  by  Lavoisier  and  Guyton,  that 
the  diamond,  when  heated  in  oxygen  gas,  is  charred  on 
its  surface.  And  theory  would  lead  us  to  conclude,  that 
minute  portions  both  of  oxj^gen  and  hydrogen  may  exist 
in  it,  for  being  obtained  from  products  in  which  these  ele- 
ments exist,  and  from  which  they  are  expelled  by  heat,  in 
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proportioti  as  their  expulsion  proceeds,  the  affinity  of  the' 
carbon  to  the  remaining  portions  must  become  stronger 
from  the  increase  in  its  relative  quantity ;  and  minute  quan- 
tities may,  and  probably  will  be  retained  with  a  force, 
which  even  a  very- intense  heat  will  be  unable  to  overcome. 
The  only  difficulty  in  this^view  of  the  sutgect  arises  from 
the  fact  aiq[)arently  established,  that  the  same  quantity  of 
carbonic  acid  is  produced  in  burning  from  charcoal  as 
from  diamond,  and  the  same  quantity  of  oxygen  consumed. 
But  if  the  quantity  of  hydrogen  is  small,  the  water  which 
it  will  form  may  exist  in  the  elastic  form  combined  with 
the  carbonic  add,  and  add  so  &r  to  its  volume,  as  that 
this  shall  appear  equal  to  the  volume  of  carbonic  acid  pro- 
duced from  the  combustion  of  the  same  weight  of  di^unond^ 
though  this  contain  no  hydrogen.  And  as  hydrogen  com- 
bines withd^ther  a  larger  proportion  of  oxygen  than  car- 
bon does,  this  inay  even  ^ve  rise  to  the  apparent  equali* 
ij  in  the  consumption  of  charcoal  and  diamond,  though 
the  former  contain  even  a  small  quantity  of  oxygen  as  well 
as  of  hydrogen. 

From  all  these  considerations,  it  must  appear  doubtful, 
if  the  pure  carbonaceous  ba^e  is  still  known  to  us  in  its  in- 
sulated form.  And  the  observation  by  Mr  Davy  is  very 
just,  that  minute  diffii^rences  in  chemical  composition  may 
produce  great  differences  in  external  and  physical  charac- 
ters. 

'  Charcoal  well  prqparecl  is  brittle  and  porous,  tasteless 
and  inodorous ;  it  is  also  procured  by  some  processes  in 
the  state  of  a  powder.  It  is  infiisiblQ  in  any  heat  that  » 
Aunace  can  raise ;  but  by  the  intense  heat  of  a  very  power- 

Ff2 
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ful  galvanic  apparatus^  it  ia  hardetie<l«  and  tt  length «  both 
ftiaed  and  volatilized.  Ia  its  oommoii  state  it  givea  aut^ 
^en  exposed  in  doie  vends  to  a  heat  above  ttdomh  ^ 
elastic  fluid,  consisting  principally  of  a  variety  of  carbuMt* 
ted  hydrogen :  this  diminishes  as  the  heat  is.  raisad»  and  at 
length  the  production  of  it  ceases*  But  even  when  it  has 
been  broi^^  to  this  state,  a  small  pcnrtifm  of  gas  is  expd* 
led  by  the  more  intense  heat  idiich  galvanism  excites. 
This  evolution  of  aeriform  matter  is  to  be  ascribed,  in  the 
eariier  stages  of  the  process,  probably  principalis  to  the 
decomposition  of  water  which  the  charcoal  had  imbibed, 
and  accordingly  part  of  it  is  ahmya  carbonic  acid ;  the 
smaller  quantity  evcdved  at  more  intense  heats  is  probabfy 
derived  from  the  minute  portion  of  hydrogen  and  perhsps 
of  oxygen  combined  with  the  carbonaceous  base»  By  this 
high  d^ee  of  calcination  the  charcoal  is  rendered  a  bet- 
twr  electrical  conductor. 

Charcoal  is  insoluble  in  water,  and  is  not  a£S?ctod  by  it, 
nor  does  it  at  low  temperatiu*es  produce  on  the  water  any 
change.  It  absorbs  a  small  portion  of  it,  and  hence,  in 
cooling,  it  imbibes  it  from  the  atmosphere  so  as  sensibly  to 
increase  in  weight.  At  die  temperature  of  ignition  it  de- 
composes water,  the  products  being  carbonic  acid  gas  and 
a  variety  of  carburetted  hydrogen  gas* 

A  very  singular  property  belonging  to  diaxxx)al,  is  thst 
of  absorbing  the  different  aerial  fluids  in  considerable 
quantity  without  forming  with  them  any  intimate  combi- 
nation. If  the  charcoal,  when  ignited,  is  allowed  to  oool 
without  exposure  to  the  atmo^hdtc,  on  exposing  to  it  any 
gas  the  absorpti<m  takes  place,  and  exceeds  many  dme^ 
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pure,  though  in  its  common  state  they  receive  from  it  a 
dark  brown  colour. .  It  decomposes  a  number  of  the  adds 
by  abstracting  their  oxygen,  some  suffering  this  decompo- 
sition at  a  low,  others  only  at  a  high  temperature. 

One  very  singular  property,  undoubted^  chemical,  be- 
longing to  charcoal,  remains  to  be  stated :  it  is  that  of  re- 
moving the  odour,  taste,  and  colour  of  a  nnmb^  of  vege- 
table and  animal  substances,  when  triturated  or  digested 
with  them  by  the  medium  of  water.  Thus,  all  saline  sub- 
stances, which,  from  the  adherence  of  vegetable  or  animal 
extractive  matter,  are  of  a  brown  colour,  may,  after  this 
process,  be  obtained  white  by  a  second  crjrstallissation :  car- 
bonate of  ammonia,  which  is  fetid  and  dark  coloured 
when  obtained  from  the  decomposition  of  animal  matter 
'by  heat,  is  rendered  perfectly  white  and  pure  by  sublimar 
tion  from  charcoal  powder.  Resins,  gum-resins,  balsams, 
and  essential  oils,  even  those  that  have  the  strongest  smell, 
are  rendered  nearly  inodorous  when  they  .are  rubbed  with 
charcoal  and  water,  or  when  solutions  of  them  in  alkohol 
are  macerated  with  the  charcoal,  or  filtrated  repeatedly 
tjirough  it ;  and  a  number  of  the  vegetable  tinctures  aad 
infusions  lose  their  colour,  smell,  and  much  of  their  taste, 
by  the  same  process.  It  is  from  this  agency  that  charcoal 
powder  removes  the  offensive  smell  and  taste  which  water 
acquires  from  keeping  in  wooden  casks,  and  that  it  ob- 
viates even  the  putrescence  of  animal  matter.  To  pro- 
duce these  effects,  it  is  necessarj'  that  the  charcoal  should 
have  been  well  calcined  and  newly  prepared,  or  at  least 
should  have  been  long  exposed  to  the  aii\  A  certain 
quantity  too  is  necessary,  more  or  less,  according  to  the 
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effect  required.    It  is  not  very  obvious  by  what  kind  of 
ageqcy  the  charcoal  produces  these  effects. 


Sect.  IV. — Qf  Carbonic  Acid* 

This  is  the  Fixed  Air  of  Dr  Blacky  the  fir«t  of  the  a&i- 
form  fluids  which  was  submitted  to  accurate  examina- 
tion. He  investigated  a  number  of  its  properties,  and  the 
changes  it  produces  in  chemical  combinations,  particularly 
with  the  alkalis  and  earths.  Bewly  and  Bergman  dis- 
covered its  acid  powers,  which,  from'  being  comparatively 
weak,  had  escaped  Dr  Black's  observation. 

Though  this  acid  is  produced  without  diflBcuky'by  the 
direct  combination  of  its  constituent  principles,  it  is  usual- 
ly obtained  by  other  processes. '  It  exists,  combined  witli 
hme,  in  the  different  varieties  of  limestone,  marble,  and 
dialk ;  and  if  any  of  these  be  exposed  to  a  strong  red 
heat,  the  affinity  of  the  acid  to  the  lime  is  so  &r  weaken- 
ed, that  it  assumes  the  elastic  form.  Or,  if  the  affinity  of 
another  acid  to  the  lime  is  introduced,  the  same  result  is 
obtained  without  applying  beat.  If  into  a  bottle  fitted 
with  a  bent  tube,  small  fragments  of  vchalk  ov  marble  are 
put,  and  if  to  this  diluted  sulphuric  or  muriatic  acid  is 
added,  a  strong  effervescence  is  iipmediately  excited  from 
the  disengagement  of  the  carbonic  acid  gas,  the  sulphuric 
or  muriatic  acid  .combining  with  the*lime :  the  gas  may 
be  collected  over  water,  by  which  it  is  not  immediately 
absorbed  in  any  considerable  quantity. 
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The  experiment  of  die  formatiaii  cf  tUs  add^  liinrew, ', 
by  the  direct  combination  of  its  prindplos,  is  c^  in^pofw 
tance»  as  detenniniiig  its  composition  with  regard  to  thdr 
proportions.  Lavoisier,  in  p^'forming  this  e^qieriment  by 
burning  charcoal  in  oxygen  gas,  the  charcoal  having  been 
previously  thoroughly  ignited  to  avoid  as  much  as  possible 
any  error  from  the  production  of  water,  which  is  always 
observed  when  this  precaution  is  not.  taken,  fixed  the 
proporti<ms  of  the  principles  <^  the  acid  at  a  mean  at  28 
(^charcoal  and  72  of  oxygen ;  and  with  this  the  results  of 
the  experiments  of  Clement  and  Desormes,  and  more 
lately  of  Messf  s  Allen  and  Pepys,  almost  exactly  agree,  the 
proportions  assigned  by  the  latter  chemists  being  28.6  of 
carbon,  and  71,4  of  oxygen.  It  is  not  perfectly  certain, 
as  has  been  already  remarked  under  the  history  of  char- 
coal, but  that  a  little  water  may  be  formed,  from  Ae 
small  portiOTi  of  hydrogen  which  that  inflammable  sub* 
stance  probably  contains,  and  may  exist  in  the  carbonic 
acid  gas ;  but  the  quantity,  if  it  do  exist,  must  be^  regarded 
as  very  minute.  It  appeared,  from  some  of  these  experi- 
ments, that  in  this  formation  of  carbonic  acid  gas  there  is 
a  sensible  condensation ;  but  this  appears  to  have  arisen 
from  the  operation  of  other  circumstances :  and  in  those 
performed  by  Allen  and  Pepys  it  was  not  observed,  the 
oxygen  gas  combining  merely  with'  charcoal  to  form  car- 
bonic acid,  by  which  its  density  was  altered,  but  its  vo- 
lume not  changed. 

The  composition  of  carbonic  acid  has  been  established 
by  its  analysis.  This  is  effected  by  a  concurrence  of  affi- 
nities :  a  few  pieces  of  phosphorus  are  put  at  the  bottom 


458  OF  CARBOKIC  ACID* 

when  diluted. with  two  or  three  parts  of  atmospheric  air, 
it  exertjB  a  deleterious  power.    ^  , 

Carbonic  acid  in  its  elastic  form  is  absorbed  by  water, 
the  water,  at  a  mean  atmoqiheric  pressure  and  tempera- 
ture, absorbing  nearly  its  own  volume.  Tlie  absorption 
is  promoted  by  agitation,  and  the  quantity  absorbed  is  in- 
creased by  cold,  or  by. augmented  pressure.  .  The  water, 
when  largely  impregnated  with  it,  sparkles  when  idiaken, 
and  has  a  pungent  taste;  the  gas  escapes  on  exposure 
to  the  atmosphere  :  it  is  entirely  expelled  by  boiling,  and 
is  disengaged  by  freezing. 

The  acidity  of  carbonic  acid  is  weak,  and  tests  of  some 
delicacy  are  required  to  discover  it.  Its  taste  is  scarcely 
perceptibly  sour,  either  in  its  clastic  or  liquid  form ;  it 
reddens,  however,  the  more  delicate  vegetable  colours,  as 
that  of  litmus ;  and  though  it  adheres  with  little  force  to 

the  bases  with  which  it  combines,  this  BerthoUet  ascribes 

» 

to  its  greater  tendency  to  pass  into  the  elastic  state ;  and 
judging  from  its  powers  of  saturation,  it  may  even  be  re- 
garded as  superior  in  acidity  to  a  number  of  the  other 
acids. 

It  combines  with  the  alkalis,  earths,  and  metalltc  oxides, 
forming  salts  denominated  Carbonates.  In  these  combin- 
ations, at  least  with  the  alkalis,  is  displayed  the  peculiari- 
ty, that  the  alkaline  properties  are  rather  impaired  than 
neutralized ;  it  is  at  least  difficult  to  establish  neutraliza- 
tion, and  the  compounds,  even  when  obtained  of  uniform 
composition  by  crystallization,  retain  to  a  certain  extent 
the  alkaline  prop^ties ;  they  have  the  alkaline  taste,  change 
to  a  green  the  vegetable  colours,  and  combine  with  oils 
ao  as  to  form  soaps.     The  alkalis  in  this  state  were  there- 
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fore  formerly  regarded  not  as  compounds ;  they  trere  mp* 
posed  to  be  in  their  purest  form,  were  named  Mild  A]ka«- 
lis,  to  distinguish  them  from  what  wa'e  named  Caustic 
Alkalis,  which  were  supposed  to  be  less  pure.  Dr  Black 
shewed,  that  the  mild  state,  as  it.was  namedj  is  owing  to 
the  presence  of  carbonic  add;  and  Bergman  proved,  that 
in  this  state  they,  are  to  be.  regarded  as  compound  salts. 
They  generally  form,  however,  with  an  excess  of  base, 
and  it  is  not  very  certain  if  they  can  be  obtained  other- 
wise, at  least  in  a  crystallized  state.  The  property  by 
whiph  they  are  peculiarly  distinguished,  is  that  of  effer- 
vescing strongly  on  the  addition  of  any  add,  the  carbonic 
add  being  disengaged,  and  assuming  the  elastic  form. 
They  are  also  easily  decomposed,  at  least  partiaUy,  by 
heat,  the  carbonic  acid  being  expelled.  In  the  earthy 
carbonates,  however,  it  is  retained  with  more  force,  and 
requires  a  much  higher  heat. 

^  SuB-cAiKBONATE  OF  PoTASH. — It  is  uudcT  the  form  of 
this  salt  that  potash  is  afforded  in  the  processes  by  whidr 
it  is  usually  obtained,  as  in  tlie  incineration  of  the  wood 
of  plants.  It  therefore  forms  the  base  of  this  product,— 
the  potash  or  pearlash  of  commerce,  which  also  contains,' 
however,  other  saline  substances,  particulariy  sulphate 
and  muriate  of  potash,  and  earthy  and  metallic  matter. 
From  these,  it  is  in  part  freed  by  dissolving  the  pearlash 
in  an  equal  weight  of  warm  water ;  the  foreign  substances 
being  sparingly  soluble,  remain  in  a  great  measure  undis- 
solved ;  the  clear  liquor  is  poured  off,  and  is  evaporated 
until  a  peUicle  appear  on  its  surface ;  on  cooling  and  re- 
maining at  rest  for  a  few  hours,  it  deposites  a  Uttle  mvarU 
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ute  of  potasht  and  betng  poured  off  fitun  tliit  and  arfl|Mk 
ratedf  tbe  sulvcarbonate  is  obtained.  The  chenusts  have 
abo  employed  other  processes  to  procure  itf  snck  as  bum* 
ing  tartar  at  a  red  heat :  this  substance  eonaists  of  poladi^ 
combined  with  tartaric  addy-^a  vq^etable  acid  hmrny  a 
eampound  base  of  carbon  and  hydrogen^  and  wbich^ 
therefore^  when  deccmiposed  by  heat,  affi>rdB  carbonic 
acid,  with  which  the  potash  combines.  By  deflagrating 
tartar  with  nitre>  a  similar  product  is  formed,  and  also  by 
deflagrating  nitre  with  charcoal,  the  charcoal  being  con* 
verted  into  carbonic  add  by  the  oxygen  aJBbrded  by  the 
decomposition  of  the  nitric  acid,  and  the  carbonic  acid 
combining  with  the  potash,  which  is  the  bi^se  of  tbe  nitre; 
As  obtained  by  these  processes,  the  sub-carbonate  of  po- 
tash is  even  purer  than  in  the  state  in  which  it  is  prOCiH 
red  from  the  pearksh  of  commerce. 

Sub-carbonate  of  potash,  obtained  in  a  concrete  state 
by  evaporation,  is  generally  in  the  form  of  coarse  gramfr, 
as  it  is  not  susceptible  of  regular  crystallization.  Fxom 
the  excess  of  alkali  it  contains,  it  is  deliquescent ;  and  if 
exposed  to  the  air,  it  soon  attracts  as  much  water  as  dis- 
solves it.  Its  taste  is  acrid  j  it  changes  the  vegetable  co* 
iours  to  a  green,  and  combines  with  oils,  forming  a  sapo* 
naceous  compound.  It  is  decomposed  by  the  adds  ^  its 
f  arbonic  acid  being  disengaged  with  effervescence.  A  con- 
^derable  portion,  but  not  the  whole  of  its  acid  is  expelled 
by  a  strong  red  heat.  It  consists  of  about  60  of  alkali, 
28  or  30  of  carbonic  acid,  and  6  of  water,  with  a  little  sili- 
ceous earth,  sulphate  of  potash,  and  argil. 

Carbonate  of  Potash  may  be  obtained  by  leaving  the 
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assistance  of  cold  and  pressure  impregnating'  the  soliitioti 
strongly  with  carbonic  acid  gas ;  the  liquor,  when  a  suffi-^ 
cient  quantity  of  carbonic  acid  has  been  combined  in  it,  is^ 
pleasantly  acidulous,  with  some  pungency,  and  the  alkali- 
thus  super-saturated  proves  less  irritating  to  the  stomach 
than  in  any  other  state. 

Carbonate  of  Soda. — Hie  salt  which  usually  receives 
this  name  is  in  strictness  of  nomenclature  a  sub-carbonate, 
for  its  taste  is  alkaline,  and  it  changes  the  vegetable  co« 
lours  to  a  green.      It  is  extracted  from  the  saline  matter 
obtained  by  the  combustion  of  marine  plants,  the  barSia 
of  commerce ;  the  pinker  kinds  of  barilla  being  lixiviated 
with  warm  water,  and  the  solution  being  evi^rated,  so 
that  on  cooling  it  shall  crj^stallize.     Thd  crystals  are  octo- 
hedrons ;  they  are  efflorescent,  so  as  in  a  dry  atmosphere 
to  be  soon  reduced  to  a  powder.     They  require,  at  a  me- 
dium temperature,  twice  their  weight  of  water  for  solu- 
tion, and  are  more  abundantly  soluble  in  hot  water,  the 
saturated  solution  crystallizing  on  cooling.     Exposed  to 
heat,  they  suflFer  the  watery  fusion  from  the  action  of  a  large 
quantity  of  water  of  crystallization ;  as  Xhis  is  dissipated, 
the  salt  appears  as  a  dry  wliite  powder,  which  by  an  in- 
crease of  heat  may  be  fused  and  partially  decomposed. 
The  proportions  of  the  crystallized  salt  are  21.58  of  soda, 
14.43  acid,, and  64  water  of  crystallization.     Soda  more 
fully  saturated  with  carbonic  acid  may  be  obtained  either 
by  transmitting  carbonic  acid  gas  through  a  solution  of  the 
sub-carbonate,  or,  according  to  a  process  now  received  in 
the  London  Pharmacopoeia,  mixing  one  part  of  it  with 
three  parts  of  sub-carbonate  of  ammonia,  the  carbonic 
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acid  of  the  latter  salt  being  transferred  to  the  soda,  and 
the  ammonia  beiog  distilled  off.  The  residual  liquor  a^rdsk 
crystals  of  carbonate  of  soda.  The  alkali  may  also  be  su» 
per-^saturated  with  carbonic  acid  by  the  same  process  as 
that  followed  with  the  carbonate  of  potash ;  and  this  su- 
per-saturated solution  is  like  the  other  in  medicinal  use.  ' 
Carbonate  of  AMMONiA.-*->Axnmonia)  by  combination 
with  carbonic  acid. in  different  proportions,  afibrds  vari- 
ous products,  in  which,  however,  the  alkali  is.  hot  altoge- 
ther neutralized.  .  Hiough  they  exist  in  a  concrete  state, 
they  are  volatile,  retain  the  pungent  ammoniacal  odouir 
and  taste,  and  change  the  vegetable  colours  to  a  gi*een. 
The  combination  is  easily  established  ;  by  presenting  the. 
two  gases  to  each  other,  they  instantly  unite  and  form  a 
concrete  salt.  It  is  more  usually  obtained,  however,  eco- 
nomically, in  an  indirect  mode,  by  decomposing  muriate 
of  ammonia  by  carbonate  of  potash  or  lime. 

Squal  parts  of  chalk,  dried,  and  of  muriate  of  ^nmo« 
nia,  are  mixed  together,  and  pUt  into  an  earthen  retort, 
or  an.iron  pot,  to  which  a  capital  is  adapted,  and  which  ia 
connected  with  a  large  receiver.  Heat  is  applied,  by 
which  a  double  decomposition  is  effected,  the  lime  at^ 
tracting  the  miuiatic  acid,  and  the  ainmonia,  the  carbonic 
acid«  The  muriate  of  lime  remains  in  the  vessel,  and  the 
carbonate  of  ammonia  being  volatilized,  is  condensed  on 
the  sides  of  the  receiver  in  the  form  of  a  crust.  Some- 
times it  is  obtained  by  another  process  in  solution  in  wa- 
ter. Equal  parts  of  muriate  of  ammonia  and  of  sub-oar- 
bonate  of  potash  are  put  into  a  retort  with  two  parts  of  war>' 
ter,  and  heat  is  applied }  a  double  decomposition  likewise 
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takes  place  in  this  case^  the  muriatic  acid  imitiiig  With  the 
potafihi  and  the  carbonic  acid  with  the  anmumiai  the 
carbonate  o£  ammonia  passes  over  with  the  aqfaeous  va» 
pouTy  which,  when  condensed,  is  soffident  to  difiscdreil* 

Carbonate  of  ammonia  is  also  obtained  in  large  qnanti-i 
fj  in  the  decomposition  of  animal  matter  by  heat  It  is 
thus  procured  from  boaes^  and  forms  the  impure  product 
which  has  been  named  salt  of  Hartshorn.  ' 

The  conqposition  of  these  products  varies  so  mucb>  that^ 
according  to  their  analysis  by  Mr  Davy,  the  quantity  of 
ammonia  is  from  20  to  50  in  100  parts.  The  carbonic 
acid  and  water  are  super-abundant  in  it,  as  the  tem^ 
perature  at  which  the  compound  has  been  formed  is  low ; 
that  formed  at  SOO^  contained  he  found  above  50  of  alka-* 
li,  while  that  formed  at  60^  contained  only  20 ;  but  in 
none  of  them  is  the  alkali  neutralized. 

Sub-carbonate  of  ammonia  ia  very  soluble  in  watery  at 
a  mean  temperature  it  requires  only  twice  its  weight,  and 
at  212°  less  than  its  own  weight  is  sufficient  for  its  solu- 
tion. Its  saturated  solution  deposites  crystals,  the  figure 
of  which  appears  to  be  octohedral.  Exposed  to  a  very 
moderate  heat,  it  is  entirely  volatilized,  but  is  easily  con- 
densed, and  its  deposition  on  the  sides  of  the  vessel  is  of  a 
regular  dendritical  form.  It  effloresces  on  exposure  to 
the  air,  and  its  odour  becomes  weaker,  perhaps  from  the 
loss  of  its  moisture,  or  from  the  absorption  of  carbonic 
acid. 

This  salt  is  used  in  medicine  as  a  stimulant  and  diapho- 
retic, and  as  a  stimulating  perfume. 
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Carbonate  of  Barytes  exists  native.  When  obtained 
by  adding  carbonic  acid  to  bar3rtic  water,  or  by  decompo- 
sing muriate  of  barytes  by  an  alkaline  carbonate,  it  is  in 
the  form  of  a  white  powdei^,  df  considerable  ^specific  gravi- 
ty ;  is  not  soluble  in  Water  in  any  appreciable  quantity^ 
but  is  dissolved  in  small  ijuantity  When  the  water  is  im-« 
pregnated  with  carbonic  acid.  This  artificial  carbonate 
is  decomjposed  by.  heat,  its  carbonic  acid  being  easily  and 
completely  expelled,  owing,  as  has  been  supposed,  to  the 
presence  of  Water  which  favours  the  transitioi^  of  the  acid 
_to  the  elastic  form ;  while  in  the  artificial  carbonate  which 
contains  less  water,  the  decolttposition  is  much  more  dif- 
ficult ;  though  by  a  heat  sufficiently  poWerfid,  Dr  Hope 
has  shewn  that  it  can  be  effected.  The  addition  of  a  little 
carbonaceous  matter  favours  the  decomposition,  by  con- 
verting the  carbonic  acid  into  carbonic  oxide. 

Carbonate  o!^  Strontites  is  precipitated,  on  adding 
carbonic  acid,  or  a  solution  of  an  alkaline  carbonate,  to  a 
solution  of  strontites,  or  of  a  strontitic  salt.  With  an  ex- 
cess of  acid  it  becomes  soluble.  The  artificial  carbonate, 
like  that  of  barytes,  is  more  easily  decomposed  than  the 
native. 

Carbonate  of  Lim£  exists  in  nature  in  great  abun-^ 
dancjs  and  under  a  variety  of  forms.  It  is  formed  artifi- 
cially, by  adding  carbonic  acid  to  lime^-water ;  by  agitat- 
ing water  impregnated  with  that  acid  with  lime,  or  by  de- 
composing any  of  the  soluble  salts  of  lime  by  any  of  the  alka- 
line carbonates  ;  but  its  chemical  properties  are  generally 
described  fiom  those  varieties  of  it  which  exist  native  in  n 
^tate  of  purity.     It  is  very  sparingly  soluble  in  Mater,  and 

Vol,.  I.  G  <r 
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in  those  forms  of  it  in  which  the  cohesion  is  oonsidierable^ 
appears  altogether  insoluble.  By  an  excess  of  C8aix>md 
acid,  solubility  is  communicated.  When  exposed  to  heat, 
it  first  loses  what  water  it  contains,  and,  if  tranqmrent 
and  hard,  becomes  white,,  opaque,  and  firiable*  If  the 
heat  be  augmented,  the  carbonic  acid  is  expelled,'  and' 
pure  Hme  remains.  This  operation  is  performed  on  a 
large  scale,  on  the  di£Gbrent  varieties  of  the  native  carbo* 
nate,  marble,  chalk,  and  more  particularly  limestcttie,  to 
obtain  lime  for  tlie  numerous  uses  to  which  it  is  implied. 
The  experiments  of  Sir  James  Hall  have  proved,  that  if 
the  separation  of  the  carbonic  acid  from  its  combination 
with  the  lime  be  prevented  by  the  requisite  pressure,  the 
carbonate  may  be  fused,  and  by  a  lieat  comparatively  mo^ 
derate,  intermediate  between  20°  and  30°  of  Wedgwood's 
scale,  according  to  the  more  or  less  perfect  compression. 
A  substance  is  thus  formed,  having  considerable  hardness 
and  closeness  of  texture,  and  approaching  by  these  quali- 
ties, as  well  as  in  fracture  and  specific  gravity,  to  the  finer 
kinds  of  limestone  or  marble.  Bucholz  has  since  disco- 
vered, that  even  without  compression  carbonate  of  lime  is 
fused  wliien  it  is  submitted  to  heat  in  a  large  mass.  The 
acids  expel  the  carbonic  acid  from  carbonate  of  lime, 
witli  effer\Tscence ;  and  this  property  of  eflfervescing 
.strongly  on  the  contact  of  an  acid,  affords  a  discriminat- 
ing character  of  carbonate  of  hme.  The  native  carbonate 
perfectly  pure,  consists  of  55  of  lime,  and  45  of  acid. 

Carbonate  of  Magnesia  is  prepared  for  medicinal  use 
by  dissolving  equal  weights  of  sulphate  of  magnesia  and 
sub-carbonate  of  potash  separately  in  twice  their  weight  of 
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water;,  mixing  them  togethert  and  inmiedialetjf  diluting 
widi  ei^t  parts  of  wann  water :  the  magnesia  attracts  the 
carbonic  acid ;  and  the  compound  bong  insolufale^  is  pred- 
pitatedy  while  the  siilphate  of  potash  that  k  formed  remains 
in  solution*  The  mixture  is  made  to  boil  &r  a  few  mi<» 
ni^tes :  afler  cooling  a  little,  it  is  poured  npaax  a  flkr^ :  the 
clear  fluid  runs  through,  and  the  precipitate  of  carbonate 
of  magnesia  is  washed  with  water  till  it  is  tasteless.  When 
the  process  is  ccmducted  on  the  large  scale,  the  bittern,  or 
liquor  remaining  afier  the  crystallization  of  sea  salt,  which 
is  principally  a  solution  of  muriate  and  sulphate  of  mag- 
nesia, is  substituted  for  the  pure  sulphate,  and  this  is  pre- 
cipitated by  a  solution  of  pearlash,  or  of  carbonate  of  am- 
monia procured  by  distillation  fircxn  animal  substances. 

Carbonate  of  magnesia  is  perfectly  white,  nearly  taste- 
less, possessing  litde  coherence  in  its  texture,  and  of  a  spe- 
cific gravity  not  more  than  2.3.  It  is  very  sparingly  so- 
luble in  water ;  requiring  at  least  2000  times  its  weight,  at 
the  temperature  of  60^.  In  this  state,  however,  it  is  ra- 
ther a  sub-carbonate»  When  acted  on  by  water  impreg- 
nated with  carbonic  acid,  it  is  dissolved  \  and  from  this  so- 
lution allowed  to  evaporate  spontaneously,  the  carbonate 
of  magnesia  is  deposited  in  small  hexagonal  prismatic  crys- 
tals, which  are  transparent  and  ^iorescent :  they  are  so- 
luble in  ifS  parts  of  water,  at  60^  ;  and,  by  sbw  evapora- 
tion, this  solution  again  affords  crystals.  These  consist  of 
25  of  magnesia,  50  dP  add,  and  25  of  water;  while  the 
proportions  of  the  common  carbonate  are,  from  45  to  5B 
of  earth,  from  25  to  48  of  acid,  and  from  15  to  30  of 
water. 

Gg2 
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Carbo:^at£  of  Argil  can  scarcdy  be  formed :  water 
impregnated  with  carbonic  acid  dissolves  a  portion  of  the 
earth ;  but  in  evaporating  the  solution,  the  carbonic  acid  is 
expelled ;  and  when  an  ax^gillaceous  salt  is  decomposed  hy 
an  alkaline  carbonate,  the  argil  is  precqutated,  and  re^ 
tains  little  carbonic  acid  combiniod  with  it. 

llie  other  earthy  carbonates  are  scarc^  known.  Cab* 
BONATE  OF  ZiRCON  is  insoluble*.  Carbonate  of  Glu- 
CINE,  obtained  by  douUe  decomposition,  is  precipitated 
in  a  soft  state,  and  is  not  easily  dried ;  is  insipid,  insoluble 
in  water,  and  is  not  rendered  soluble  by  an  excess  of  acid. 

Water  impregnated  with  carbonic  acid  dissolves  small 
portions  of  some  of  the  metals,  particularly  iron  and  zinc^ 
By  indirect  modes  it  can  be  combined  with  the  oxides  o£ 
the  other  metals,  forming  compounds  afterwards  to  be  no- 
ticed^ 


SeCt.  \ ,^'^Of  Cai'bonic  Oxide. 

Gharcoal,  in  burning,  combines  with  that  proportion 
of  oxygen  whidi  converts  it  into  carbonic  acid.  But  aft 
intermediate  product  in  the  state  of  an  oxide,  it  has  beeir 
supposed,  can  be  obtained  by  processes  in  which  oxygen 
and  charcoal  are  combined  in  a  different  mode,  or  in  which 
carbonic  acid  is  decomposed  and  its  oxygen  partially  ab- 
stracted. 

The  processes  in  which  the  production  of  carbonic, 
oxide  was  first  observed,  consist  in  exposing  mixtures  of 


.OP  CARBONIC  OXIDE.  469 

rcertain  metallic  oxides,  particularly  the  grey  oxide  or 
scales  of  iron  with  charcoal  to  a  red  heat ;  a  very  large 
quantify  of  elastic  flnid  is  disengaged,  which  consists  part- 
ly of  carbonic  acid :  but  when  this  is  abstracted  by  agita- 
tion with  water,  there  remains  an  elastic  fluid  inflam- 
mable, and  which,  in  burning,  is  converted  into  carbonic 
acid ;  it  has  hence  been  regarded  as  a  gaseous  oxide  of 
carbon.  On  this  hypothesis  it  must  be  supposed,  that  ia 
its  formation  the  oxygen  of  the  metallic  oxide  has  com- 
bined y^ith  the  charcoal,  and  from  the  excess  of  charcoid 
jpiresent,  has  formed  this  oxide  rather  than  carbonic  acid. 

There  are  other  processes  in  which  a  product  striptly 
.^analogous  is  obtained,  from  the  partial  decomposition  of 
carbonic  acid*  Thus,  if  natij'e  carbonate  of  barytes,  or 
dried  carbonate  of  lime,  be  mixed  with  zinc  or  iron-fllings^ 
and  exposed  to  a  low  red  heat,  there  is  an  abundant  pro- 
duction of  elastic  fluid :  this  contains  a  ^mall  portion  of 
.carbonic  acid,  but  It  consists  principally  of  an  inflammable 
gas,  wl^ich,  like  the  former,  is  converted  into  carbonic  acid 
in  burning,  and  towards  the  end  of  the  process  this  gas  is 
eyen  disengaged  perfectly  pure.  Lts  production,  on  the 
suppositicoL  tba^:  it  is  a  pure  x)xide  of  carbon,  must  be  as- 
cribed to  the  metal  abstracting  a  portion  of  the  oxygen  of 
the  cai'bonic  acid  disengaged  from  the  carbonate  of  bary- 
tes or  carbonate  of  lime.  And  this  decomposition,  so  as 
to  aflbrd  this  producrt^  is  established  by  another  process 
still  more  direct, — passing  carbonic  acid  gas  repeated^ 
through  an  iro:n-tube,  containing  dean  iron  \^re  at  a  red 
jlicat ;  the  iron  is  oxidated,  and  the  carbonic  acid,  if  the 
process  is  continued  sufficiently  long,  is  converted  into 
carbonic  oxide. 
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Some  chemists,  BertboUct  in  particular,  have  suppoBed 
that  this  gas  always  contains  a  portion  of  hydrogen,  and 
is  therefore  a  ternary  compoimd,  not  a  ptire  carbonic  ox- 
ide. When  obtained  from  processes  in  whkh  charcoal  is 
enq>Ioyed»  the  hydrc^n^  which  there  is  some  reason  to 
believe  exists  in  tibis  inflammaUe  sabstanoe,  may  enter 
into  combination  with  the  oi^gen  and  carbon  which  form 
the  elastic  product  $  and  accordingly  the  gas  produced  by 
this  process  has  been  observed,  in  burning,  not  only  to 
form  carbonic  acid,  but  to  dcposite  also  a  portion  of  wa^ 
ter.  Iii  the  processes  in  which  it  is  obtained  from  the 
partial  decomposition  of  carbonic  acid,  the  hydrogen  sup- 
posed to  be  contained  in  it  must  be  derived  fix)m  the  small 
portion  of  water  which  that  acid  is  supposed  to  hold  com- 
bined. 

There  is  considerable  uncertainty  with  regard  to  the 
existence  of  hydrogen  in  well  calcined  charcoal,  or  the  pre- 
sence of  combined  water  in  carbonic  acid,  and  hence  it  is 
difficult  to  form  a  decided  conclusion  with  regard  to  this 
question.  The  production  of  a  portion  of  water  in  the 
combustion  of  this  gas  is  no  proof  that  hydrogen  is  essen- 
tial to  its  composition,  for  the  hydrogen  affording  this  may 
exist  in  the  state  of  carburetted  hydrogen  merely  mixed 
with  it,  and  besides,  as  obtained  by  other  processes,  there 
is  no  dq)osition  of  water.  Its  production  from  the  de- 
composition of  the  carbonic  acid  existing  in  carbonate  of 
barytes,  a  compound  in  which  the  carbonic  acid  has  been 
supposed  to  exist  without  even  that  small  portion  of  water 
which  the  acid  contains  in  its  usual  form,  and  its  produc- 
tion also  from  carbonic  acid  gas,  which  has  been  previous- 
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ly  exposed  to  the  action  of  muriate  of  lime,  so  as  to  ab- 
stract any  water,  render  more  probable  die  condusion  that 
hydrogen  is  not  essential  to  the  constitution  of  this  elastic 
fluid,  and  at  least  prove  that  the  quantity  of  that  element 
in  its  composition  must  be  extremely  small.  It  is  therefore 
on  the  whole  perhaps  the  most  probable  c^inion,  that  it  is 
an  oxide  of  carbon. 

There  is  one  &ct,  however,  rather  singular  with  r^ard 
to  this  gas,  which  has  been  supposed  favourable  to  the  sup- 
position that  hydrogen  is  one  of  its  elements, — ^this  is  its 
comparative  levity.  It  is  rather  lighter  than  atmospheric 
«iir :  oxygen  gas  is  heavier :  when  combined  with  carbon,  a 
heavier  ingredient,  it  might,  in  iretaining  the  elastic  form, 
be  expected  still  to  become  sf^cificaily  heavier,  and  it  actual- 
ly does  so  in  forming  carbonic  acid ;  yet,  in  increasing  the 
proportion  of  carbon  &rther  so  as  to  form  carbonic  oxide, 
it  becomes  specifically  lighter.  This  is  an  anomaly,  whidi 
it  has  been  supposed  can  be  accounted  for  only  on  the 
supposition  that  hydrogen  exists  in  tlic  latter  -gas,  and 
conmiunicates  its  comparative  levity.  Some  weight  is  due 
to  this,  yet  there  are  some  similar  anomalies  in  other  cases 
of  chemical  combination,  and  it  cannot  therefore  be  re- 
garded as  condusive. 

Carbonic  oxide  is  permanently  elastic.  Its  speci&c  gra- 
vity is  to  that  of  atmoq>heric  ah-  as  967  to  1000.  It  is  ab- 
sorbed in  small  quantity  by  water,  100  cubic  inches  con- 
densing 2  of  tlie  gas;  but  it  has  no  acid  taste,  nor  either 
in  this  condensed  state  or  in  its  liquid  form  does  it  con- 
tract any  union  with  the  alkalis  or  earths.  It  burns  with 
a  blue  lambent  flame,  but  does  not  explode  when  previous- 
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ly-mjxcd  with  atmospheric  air  and  kindled^  nor  dpes  it 
combine  with  much  oxygen  ;  for  although  it  is  nec^ssarjr 
to  its  complete  combustion)  that  an  excess  of  oxygen  should 
be  present)  100  cubic  inches  of  it  consume  not  more  than 
35  cubic  inches  of  the  oxygen  gas.  It  forms  a  quantity  of 
carbonic  aeid  gas  equal  in  weight  to  the  carbonic  oxide 
and  oxygen  consumed.  From  the  products  Cruickshank 
inferred  that  it  consists  of  21  of  o;Kygen  and  8.6  of  car« 
bon.  Clement  and  Desormes  state  them  at  5SA  of  oxy- 
gen and  4 1 .6  of  carbon.  The  gas  produced  from  t^e  mutual 
action  of  charcoal  and  metallic  oxides  deposites  a  little  water 
in  bmning)  whence  Cruickshank  stated  its  composition  at 
15  of  oxygen,  7  of  carbon,  and  1  of  hydrogen.  It  is  more 
probable,  however,  that  it  is  the  same  with  the  other,  and 
that  the  small  quantity  of  hydrogen  exists  rather  in  th^ 
state  of  carburettcd  hydrogen  mixed  with  the  carbonic 
oxide. 


Sect.  VI. — 0;^'  Oxy-carburetted  Hydrogen  Gases, 

There  are  obtained,  in  different  processes,  inflammable 
elastic  fluids,  which,  in  their  combustion,  afford  carbonic 
acid  and  water  in  different  proportions,  and  which  appear, 
therefore,  to  be  compounds  of  carbon,  hycbogen,  and  oxy- 
gen, and  as  such  may  have  the  common  name  of  oxy-car- 
bun  tted  hydrogen  applied  to  them.  There  is,  however, 
much  difficulty  in  discovering  their  composition,  especial- 
ly with  regard  to  the  proportions  of  their  constituent  parts. 
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aiid  it  is  even  not  easy  to  establish  their  specific  distinc- 
tions, so  as  determine  whether  some  of  them  are  not  mixT 
tures  of  others.  In  this,  imperfect  state  of  our  knowledge 
on  this  subject,  it  will  be  sufficient  to  point  out  those  of 
them  which  arc  afforded  by  uniform  processes,  and  to 
state  briefly  their  properties,  and  the  best  established  facts  / 
with  regard  to  their  analysis. 

If  water  be  passed  oyer  charcoal  in  a  tube  raised  to  a 
red  heat,  a  large  quantity  of  elastic  fluid  is  obtained,  con- 
sisting partly  of  carbonic  acid,  and  partly  of  an  inflamma- 
ble gas ;  the  former  having  been  formed  by  the  combina- 
tion of  the  oxygen  of  a  portion  of  the  water  witli  part  of 
the  charcoal,  the  other  from  the  combination  pf  the  hy- 
drogen of  the  decomposed  water  with  another  portion  of 
charcoal;  the  carbonic  acid  is  abstracted  by  agitation  with 
water ;  the  inflampiable  gas  remains.  It  has  been  n^mcd 
Carburetted  Hydrogen,  on  the  supposition  that  it  is  a  com- 
pound ^f  c^bon  and  hydrogen.  This^  however,  is  very 
doubtful.  The  quantity  of  carbonic  add  produped  does 
not  bear  the  due  proportion  to  the  quantity  of  inflamma- 
ble gas  which  it  ought  to  do,  did  the  whole  of  the  oxygen 
of  the  decomposed  water  enter  into  combination  with  car- 
bon so  as  to  form  that  acid ;  a  portion  of  oxygen,  therefore, 
enters  into  combination  vfith  the  hydrogen  and  carbon,  and 
the  inflammable  gas  is  thus  a  ternary  compoimd  of  these 
dements.  It  accordingly  deposites  a  quantity  of  water  in 
its  combi;stion ;  this,  Cruickshank  supposed,  might  hav^ 
pre-existed  in  it,  but  the  quantity  is  too  large  to  admit  of 
this  supposition,  especially  as  the  carbonic  iicid  produce^} 
jQUSt  aisp  ^old  a  portion  of  water  combinecL 
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This  gas  has  a  ^ecific  gravity  ccympared  with  atnux;^ 
ric  air  as  11  to  23.  It  is  inflammaUe,  but  less  so  than 
pure  hydrogen ;  it  bums  with  a  bhie  lambent  flame.  100 
mqasures  of  it  comlnne  in  burning  with  66  measures  dP 
oxygen,  and  produce  40  of  carbonic  acid  gas,  widi  9 
grains  of  water  deposited,  besides  the  quantity  which  may 
be  retained  dissolved  by  the  carbonic  acid  gas.  It  is  ex- 
tremely deleterious  in  its  action  on  the  living  system  when 
received  into  the  lun^  An  animal  breathing  it  pure  i^ 
almost  instantly  killed ;  and  even  when  diluted  with  20 
parts  of  atmospheric  air,  it  produces,  when  respired,  sick- 
ness, vertigo,  fainting,  and  other  symptoms  of  exhausted 
power.  I);  has  the  peculiar  effect  on  the  blood  of  giving 
to  it  a  florid  red  hue. 

Other  elastic  fluids,  composed  principally  of  carbon  and 
hydrogen,  with  probaWy  a  prc^rtion  of  oxygen,  Are  dis- 
engaged in  the  decomposition  of  various  *  vegetable  pro- 
ducts by  hedt.  Thus,  by  passing  the  vapour  of  campho? 
through  a  red  hot  tube,  one  is  obtained  considerably  hea- 
vier, and  which,  in  burning,  consumes  more  than  double 
the  quantity  of  oxygen,  100  cubic  inches  ccmibining  >vith 
176  of  oxygen  gaS)  and  forming  116  of  carbonic  acid  gas, 
with  18  grains  of  water  deposited.  The  vapour  of  ether 
or  of  alkohol  passed  through  an  ignited  tube  affords  si- 
milar gases,  rather  lighter,  however,  and  consuming  in 
their  combustion  less  oxygen.  100  cubic  inches  of  tlie 
gas  from  ether  combines  in  burning  with  170  of  oxygen 
gas,  and  afford  108  of  carbonic  acid  with  18  grains  of  wa- 
ter deposited :  of  the  gas  from  alkohol  100  cubic  inches 
in  burning  combine  with  118  of  oxygen,  and  afford  75  of 
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phuric  acid  by  weight  with  one  part  of  alkoholy  and  sub- 
mitting the  mixture  in  a  retort  to  a  moderate  heat.  An 
efiferveacence  is  soon  eKcited,  the  elastic  fluid  disengaged 
is  the  olefiant  gas  nuKed  with  a  portion  of  sul^nrous  add 
gas ;  the  latter  is  abstracted  by  agitation  with  water,  and 
t])ic  former  remains  pure. 

This  gas  derives  its  name  firom  the  singular  chemical 
property  it  exhibits,  that,  when  mixed  with  oxymuriatic 
acid  gas,  condensation  of  the  two  gases  quickly  takes  place, 
and  a  liquid  is  produced  from  their  mutual  action,  which 
collects  first  in  a  film  on  the  surface  of  the  water,  and  af- 
terwards into  globules  having  all  the  appearance  of  oil ;  it 
is  rajlier  heavier  than  water,  and  hence  the  globules  soon 
sink ;  it  is  whitish  and  semi-transparent,  has  a  smell  some- 
what aromatic  and  a  sweetish  taste.  By  agitation  with 
water  it  is  dissolved.  The  theory  of  its  production  is  not 
very  well  ascertained ;  for  it  remains  doubtful  whether 
oxygen  is  communicated  from  the  oxymuriatic  acid  to  the 
entire  principles  of  the  olefiant  gas,  so  as  to  convert  them 
into  this  product,  or  whether  it  combines  principally  with 
its  hydrogen,  leaving  the  other  principles  in  that  state  of 
combination  whence  it  is  formed.  Mr  Davy  has  found, 
that  muriate  of  potash  is  formed  by  the  action  of  potas- 
iiium  on  it,  and  has  supposed,  therefore,  that  it  may  be  a 
compound  of  oxymuriatic  acid,  carbon  and  hydrogen. 

Olefiant  gas  has  a  specific  gravity  very  nearly  the  same 
iis  atmospheric  air,  the  difference  being  only  as  909  to 
1000.  It  has  an  odour  slightly  fetid  j  is  absorbed  in 
small  quantity  by  water ;  it  burns  with  a  dense  oily  flame, 
;ind  the  emission  of  much  Ught  j  and  if  previously  mixed 
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wifii  *a  sufficient  quantity  of  atmospheric  aii*  or  oxygen 
gas,  detonates  with  much  violence.  Of  any  of  ^ese  in- 
flammable gases,  it  is  the  one  which  consumes  the  lai'gest 
quantity  crfoxygeri  in  its  combusti6n,  arid  gives  the  largest 
product  of  carbonic  aeid^  100  measures  of  it  requiring, 
'according  to  Dr  Henry's  experiments,  S25  of  oxygeh  for 
its  perfect  combustion,  and  producing  200  measures  of 
carbcmie  acid.  From  its  greater  specific  gravity  compared 
iidth  the  otheif'  inflammable -gases^  it  is  evident  that  its 
principles  are  iA  a  state  of  greater  condensation ;  and 
from  the  large  quantity  of  oxygen  it  consumes,  it  is  also 
evident,  that  not  much  of  that  element  exists  in  its  com-» 
position,  but  that  it  must  consist  chiefly  of  carbon  and- 
hydrogen.  Berthollet  has  supposed  that  it  is  composed 
of  75  of  carbon  and  25  of  hydrogen. 

'  Olefiant  gas  is  disengaged  in  other  processes,  though 
not  perfectly  pure.  It  is  formed  by  passing  the  vapour  of 
alkohol  either  ever  ignited  siliceous  or  argillaceous  earth. 
From  the  gas  which  is  disengaged  in  the  decomposition 
of  wood,  and  of  some  inflammable  v^etaUe  products  by 
heat,  burning  with  a  dense  oily  flame,  it  is  probably  ole- 
fiant  gas  in  a  state  of  greater  or  less  purity.  It  appears, 
too,  that  the  gas  disengaged  from  the  Utuminous  matter  of 
eoal  by  heat,  and  which  has  been  applied  to  the  purpose 
of  affbrding  illumination  by  its  combustion,  is  of  a  similar 
nature.  It  bums  with  a  dense  oily^like  flame,  even  when 
it  has  been  freed  by  washing  from  the  l)ituminous matter . 
suspended  in  it ;  and  it  consumes  in  burning,  as  Dr 
Henry  has  found,  a  very  large  quantity  of  oxygen  gas, 
and  aflbrds  a  large  product  of  carbonic  acid.  It  appears, 
however,  from  his  observations,  not  to  be  precisely  the 
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same  with  the  olefiant  gaS|  though .  it  is  undoubtedly  of 
aIUllogou^  constitution.  The  gases  disengaged  from  the 
deccHnposition  of  oil  and  of  wax  by  heat  are  si]iu]ar»  and 
the  flame  they  give  in  burning  consists  chiefly  df  this  eki- 
tic  fluid  evolved  by  the  heat^  and  in  a  state  of  combustion. 
With  regard  to  all  the  gases  which  have  now  been  de- 
scribedy  it  may  be  remarkedi  in  xx>ncluding  their  history, 
that  it  is  net  improbable  that  their  chemical  constitution 
is  not  uniform,  but  is  liable  to  variations  from,  the  opera- 
tion of  the  circumstances  under  which  they  are  formed. 
Carbon,  hydrogen,  and  oxygen,  are  principles  having 
mutual  affinities  so  equally  adjusted,  that  they  appear  to 
be  capable  of  entering  into  union  in  numerous,  and  per^ 
haps  in  indefinite  proportions,  and  the  slightest,  variation 
of  temperature,  and  of  other  circumstances,  will  have  a 
material  influence  on  their  combination.  The  operation 
of  such  circumstances  is  accordingly  conspicuous  in  the 
different  nature  of  the  elastic  fluids  disengaged  in  the 
above  processes,  from  very  slight  difierences  in  the  pro- 
cesses by  which  they  are  procured.  It  is  far  from  being 
improbable,  too,  as  Dr  Henry  has  remarked,  that  these 
gases  may  often  be  disengaged  in  a  state  of  intermixture) 
by  which  they  will  appear  tp  be  still  more  diversified  than 
they  actually  are.  He  has  supposed,  with  Mr  Dalton, 
that  aU  these  gases  may  be  mixtures  of  two  species,  the 
Carburetted  Hydrogen,  obtained  in  the  decomposition  of 
water  by  charcoal,  and  the  Olefiant  Gas,  with  sometimes 
portions  of  carbonic  oxide  or  pure  hydrogen,  but  this  is 
more  doubtful. 
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OF  PHOSPHORIC  ACID,  ITS  jBASE,  AND  THEIft 

COMBINATIONS. 

Phosphoric  add,  by  decomposition,  affords  phospho- 
rus, a  substance  distinguished  by  its  high  inflammability, 
and  \<Fhich,  so  far  as  the  processes  of  analysis  have  been 
carried,  is  the  base  of  this  acid,  forming  it  by  combina* 
tion  with  oxyg^i.  With  a  smaller  proportion  of  oxygen, 
it  forms  Phosphorus  Acid.  With  hydrog^  it  produces 
an  elastic  compound.  It  unites  with  sulphur  and  the 
metals,  and  is  chemically  acted  on  by  the  alkalis  and 
earths. 


Sect.  I. — Of  Phosphoriis. 

It  was  known  to  some  of  the  alchemists,  that  a  sub* 
stance  might  be  procured  which  Imrns  qx)ntaneou8]y  on 
exposure  to  the  air.  Kunckel  made  known  the  process 
by  which  they  obtained  it,  that  of  distilling  urine  to  diy^ 
ness,  and  urging  the  solid  residuum  with  a  strong  heat, 
the  phosphoric  acid  existing  in  the  salts  of  the  urine  beii^ 
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decomposed,  and  its  oxygen  abstracted  by  the  animal 
matter.  By  the  addition  of  charcoal,  this  decomposition 
is  facilitated :  and  the  product  is  also  increased,  by  an  im* 
provement  introduced  by  Margraaf,  thaf  of  adding  a  por« 
tion  of  muriate  of  lead,  which,  by  abstracting  the  phos- 
phoric acid  fFom  the  soda  and  lime  with  which  it  is  in 
part  combined,  allows  it  to  be  more  easily  decomposed. 

Still  the  process  was  ofFetisite  and  difficult ;  and  phos^ 
phorus  is  now  obtained  with  more  facility,  by  decomposing 
phosphoric  acid  in  a  purer  form.  Scheele  discovered,  that 
the  solid  matter  of  bones,  obtained  by  burning  them  to 
whiteness,  is  a  compound  of  phosphoric  acid  and  lime. 
This  reduced  to  powder  is  submitted  to  the  action  (^half 
its  weight  of  sulphuric  acid,  diluted  with  from  10  to  20 
parts  of  water,  aiding  their  mutual  action  by  the  aj^lica* 
tion  of  a  moderate  heat.  The  sulphuric  acid  exerts*  an 
affinity  to  the  lime,  and  combines  with  a  portion  of  it ; 
the  phosphoric  acid,  holding  the  remaining  lime  in  com- 
bination, is  obtained  by  lixiviating  the  materials  with  boil- 
ing water ;  the  solution  of  super-phosphate  of  Hme  thus 
procured  is  evaporated  to  dryness  ;  the  drj'  mass  is  mixed 
with  half  its  weight  of  charcoal  powder,  and  the  mixture 
is  urged  with  a  fire  gradually  raised  in  an  earthen  retort 
with  a  wide  neck,  to  which  a  copper  tube  is  adapted,  the 
extremity  of  which  dips  in  water;  the  charcoal  attracts 
the  oxygen  of  the  phosphoric  acid,  and  the  phosphorus  is 
volatilized  and  condenses,  partly  in  the  tube  and  partly  in 
the  water.  The  process,  from  the  great  inflammabilitj'  of 
the  product,  requires  considerable  care.  The  phosphorus 
has  a  brown  colour,  from  the  presence  of  a  small  quantity 
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of  carbonaceous  matter,  which  is  removed  by  straining  it 
through  leather  when  melted  under  warm  water,  or  bjr 
digesting  it  with  a  Kttle  nitric  or  oxymuriatic  acid.  When 
melted  under  water  it  is  run  into  moulds,  so  as  to  be  form- 
ed  into  cylindrical  pieces* 

Phosphorus,  when  pure,  is  nearly  colourless,  and  is  se- 
mi-transparent. It  has  the  consistence  of  wax,  with  ratlier 
more  brittlenoss.  Its  fracture  is  often  radiated,  shewing  a 
crystalline  structure,  and  l)y  slow  cooling  it  can  even  be 
crystallized  in  octohedrons.  It  meks  at  99^  of  Fahrenheit, 
is  volatilized  at  219®,  and  boil  at  554j°. 

Exposed  to  atmospheric  air  it  emits  whitq  fumes,  and  in 
the  dark  appears  luminous, — appearances  arising  from  its- 
combustion.  If  heated  to  100  this  is  brighter  ;  and  at  160 
it  bums  with  the  emission  of  much  heat  and  light.  Its 
rapid  combustion  is  also  excited  by  friction  without  heat. 
In  oxygen  gas  its  combustion  is  extremely  vivid,  and  the 
heat  and  light  intense.  A  fact  rather  singular  is,  that  the 
slow  combustion  at  low  temperatures  does  not  take  place 
in  oxygen  gas  as  it  does  in  atmospheric  air ;  the  heat  re- 
quires to  be  raised  to  above  80,  or  even  to  100 ;  and  be- 
low 60,  the  phosphorus,  if  the  oxygen  is  pure,  has  not 
even  in  the  dark  any  luminous  £^pearanc^.  From  the 
experiments  made  to  determine  the  cause  of  this  pecu- 
tiarity,  it  appears,  that  the  slow  combustion  of  phosphorus 
in  atmospheric  air  is  an  indirect  process  \  the  phosphorus 
is  dissolved  in  small  quantity  by  the  nitrogen  gas,  and  in 
this  state  being  presented  to  the  oxygen,  combines  wifh 
it :  hydrogen  gas  has  the  same  property  of  dissolving  it, 
iuid  hence  a  little  nitrogen  or  hydrogen,  added  to  oxygen 
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gas,  in  which  phosphorus  is  placed,  causes  immediately 
the  hmiinous  appearance  from  the  slow  combustion* 

The  slow  combustion  of  phosphorus  in  atniiosidieric  air 
affiirds  a  very  simple  eudiometrical  process;.  The  air 
measured  in  a  tube,  divided  into  100  equai.parts,  is  trans- 
ferred into  another  tube  rather  larger,  in  which  it  is  exposed 
to  the  action  of  a  cylinder  of  phosphorus,  8U{^orted  on  a 
glass  rod$  the  oxygen  is  gradually  abstracted,  and  the  pro- 
duct of  the  combination  is  absorbed  by  the  water  over  which 
the  air  is  confined.  The  diminution  of  volume  is  ascertained 
at  the  end  of  the  experiment,  by  transferring  the  air  into 
the  graduated  tube,  lliis  method  is  easy  in  the  execution: 
the  result  is  obtained  in  a  few  hours ;  and  it  has  the 
advantage  of  indicating  when  the  process  is  completie,  the 
rise  of  white  vapours  from  the  phosphorus  and  its  lumi- 
nous appearance  in  the  dark  continuing  while  any  oxygen 
is  present,  and  ceasing  when  the  whole  of  it  has  been 
abstracted.  It  requires  only  one  correction  5  the  nitrogen 
gas  dissolving  a  small  portion  of  phosphorus,  receives 
from  this  an  increase  of  volume,  and  hence  the  diminution 
with  this  method  is  never  so  great  as  with  some  of  the 
others.  The  augmentation  of  volume  amounts  to  about 
a  fortieth ;  allowance  is  therefore  to  be  made  for  this,  so 
that  if  the  residual  gas,  when  the  experiment  has  been 
made  on  atmospheric  air,  be  equal  to  80  parts,  indicating 
an  abstraction  of  oxygen  equal  to  20,  the  real  volume  is 
78,  indicating  an  abstraction  of  oxygen  equal  to  22. 

Phosphorus  is  easily  oxygenated  by  other  substances. 
It  burns  in  oxy-muriatic  acid  gas,  and  in  nitric  oxide  gas, 
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and  abo  in  nitrous  acid  vapour,  and  receives  oxygen  from 
nitrousadd. 

When  saturated  witli  oxygen,  it  forms  a  concrete  acid, 
the  Phospboric  When  the  oxygenation  is  less  perfect^ 
what  is  named  Phoq>horous  Acid  is  produced.  The  ex- 
istence of  an  oxide  of  pho^horus  has  also  been  suppo- 
sed, but' is  not  deai^  established. 

Phosphorus  forms  with  hydrogen  an  elastic  compound^ 
highly  inflammable.  Its  compounds  with  su^hur  in  dif- 
ferent proportions  are  likewise  more  inflammable  than 
pure  phosphorus.  With  charcoal  it  appears  to  form  an 
imperfect  combination.  It  unites  with  the  greater  num- 
ber of  the  metals,  and  forms  compounds  retaining  to  a 
certain  ext^it  metallic  lustre.  With  the  metallic  bases 
of  the  alkalis,  it  forms  similar  comipounds.  The  alkalis 
and  alkaline  earths  act  upon  it,  and  enable  it  to  decom- 
pose water,  whence  phosphuretted  hydrogen  is  produced. 
■  Inflammable  liquids,  as  alkohol,  ether,  and  the  oils, 
eith^  expressed  or  volatile,  dissolve  phosphorus,  eiEpedal- 
Ij  when  their  action  is  aided  by  very  moderate  heat.  The  . 
sedations  in  oils  are  luminous  when  exposed  to  the  air, 
with  scarcely  any  sensible  heat.  The  solution  in  idkohol 
gives  a  vivid  momentary  illumination  wh^a  drc^^)6d  on 
water,  and  the  phosphorus  is  precipitated  firom  it. 

Ehoi^orus  has  been  regarded  as  a  simple  substance. 
Mr  Davy,  subonitting  it  to  the  fldion  of  galvanism,  found 
hydrogen  to  be  produced  from  it  in  sudi  quantity,  that 
it  can  scarcely  be  considered  as  an  accid^ital  ingredient ; 
and  &cther,  finding  that  when  acted  on  by  potassium,  the 
compound  formed,  when  submitted  to  the  action  of  an 
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acidf  evolves  less  hydrogen  than  the  same  quantity  of  iin- 
combined  potassium  woifld  have  done,  he  concluded  that 
it  contains  oxygen,  that  it  is  a  ccMnpound  therefore  of  a 
substance  wiknown,  with  small  quantities  of  oxygen  and 
hydrogen.  His  subsequent  researches  have  scanty 
confirmed  this,  but  have  rather  rendered  it  probable,  that 
the  phenomena  whence  the  conclusion  had  been  drawn 
arise  from  the  presence  of  a  little  water  in  phosphorus. 


Sect.  II. — Of  Phosphoric  Acid. 

Phosphoric  acid,  obtained  by  the  combustion  of  Phos-' 
phorus,  is  a  flocculent  substance  of  a  white  colour,  which 
deliquesces  on  exposure  to  the  air.  The  phosphorus,  in 
burning,  absorbs  its  own  weight  and  a  half  of  oxygen : 
the  acid,  therefore,  consists  of  60  of  oxygen,  and  40  of 
phosphorus. 

Phosphoric  acid  is  obtained  most  economically  from  the 
decomposition  of  the  phosphate  of  lime  of  calcined  bone, 
by  sulphuric  acid,  by  the  process  already  described.  To 
the  solution  of  super-phosphate  of  lime,  carbonate  of  am- 
monia is  added,  the  anunonia  of  which  combines  with  the 
phosphoric  acid,  forming  phosphate  of  ammonia,  which  re- 
mains in  solution,  while  the  carbonate  of  lime,  formed  by  the 
union  of  the  carbonic  acid  with  the  lime,  is  precipitated : 
the  phosphate  of  ammonia  is  procm-ed  solid  by  evapora- 
tion, and  being  exposed  to  a  full  red  heat,  the  ammonia  is 
expelled,  and  the  acid  is  fused.     It  is  still  liable  to  retain 
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SI  minute  portion  of  lime.  It  is  therefore  best  obtained  in 
a  state  of  purity  by  the  oxygenation  of  phosphorus.  This 
is  done  either  by  the  action  of  nitric  acid,  or  simply  by 
exposing  stidcs  of  phosphorus  to  the  air,  in  a  wide  vessd* 
in  which  the  vapours  of  the  phosphorus  acid,  formed  by 
the  spontaneous  combustion  of  the  p}iosphorus,  are  con- 
densed. A  small  portion  of  nitric-acid  is  added  to  the 
liquid  to  complete  the  oxygenation,  the  water  is  evapo- 
rated, and,  by  raising  the  heat,  the  phosphoric  acid  may 
be  fused.  It  then  forms  a  glassy-like  substance,  nearly 
transparent,  which,  from  exposure  to  the  air,  attracts  humi- 
dity, and  forms  a  liquid,  dense,  colourless,  and  inodorous.  * 

Phosphoric  acid  has  a  high  degree  of  acidity.  Its  affi-  , 
nities  to  the  alkalis  and  earths  aru  strung  5  aiid  it  exceeds 
the  other  acids,  with  the  exception  of  the  fluoric,  in  the 
power' of  neutralizing  the  alkaline  properties.  It  does  not 
act  with  much  energy  on  the  metals  or  inflammables,  ow- 
ing to  the  strength  of  afiinity  with  which  the  oxygen  is  re- 
tained in  combination  with  its  base ;  but  it  combines  with 
the  metallic  oxides.  Its  salts  are  named  Phosphates.  The 
alkaline  phosphates  are  soluble  and  crystallizable,  an4  melt 
into  a  glass.  The  earthy  phosphates  are  in  general  inso- 
luble. 

Phosphate  of  Potash  can  scarcely  be  crystallizied,  but 
forms,  by  evaporation  of  its  solution,  a  gelatinous  mass, 
which  attracts  humidity  from  the  atmospbere';  its  taste  is 
saline,  with  a  degree  of  sweetishness.  Exposed  to  heat,  it 
liquefies,  and,  after  the  expulsion  of  the  water,  is  fused  by 
the  application  of  a  red  heat  into  a  glass. 
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Phosphate  of  Soda>  a  salt  enqdoyed  in  medidiiey  and 
for  some  chemical  purposes,  is  prepared^  by  adding  to  the 
acidulous  phosphate  of  lime,  obtained  ttom  the  decompo- 
sition of  burnt  bones  by  sulphuric  acid,  as  much  of  a  so- 
lution of  carbonate  of  soda  as  may  be  smAeient  to  aatiurate 
the  phosphoric  acid ;  phosphate  of  lime  is  preci^k»ledf  and 
the  water  holding  dissolved  the  phoiphate  of  soda,  is  se- 
parated by  filtration ;  by  eriqpcHration  the  sak  is  crystalli- 
zed, its  formation  in  regular  crystak  being  promoted  by  a 
slight  excess  of  alkali.  The  form  of  the  crystals  is  a  rhom- 
boidal  prism.  They  effloresce  on  exposure  to  the  air,  are 
soluble  in  three  parts  a(  cold  water,  and  in  half  that  (^ptantity 
of  boiling  water.  The  taste  of  this  salt  being  purely  sa- 
line, without  any  bitleinu;!$5,  li  has  been  introduced  into  the 
practice  of  medicine  as  a  substitute  for  other  aperient  salts. 
As  it  melts  easily,  and  promotes  the  fusion  c^  the  earths 
and  metallic  oxides,  it  is  used  as  a  flux,  in  analyses  per- 
formed by  the  blow-pipe. 

,  Phosphate  of  Ammonia  is  soluble  in  four  parts  of  water 
at  the  temperature  of  60 ;  it  crystallizes  in  prisms,  which 
are  neither  efflorescent  nor  deliquescent.  By  eiqposure  to 
heat,  it  is  fused  into  a  transparent  glass,  and  decomposed, 
part  of  its  ammonia  being  cxpeDed.  Heated  with  char- 
coal, its  acid  suffers  decomposition,  its  oxygen  being  ab- 
stracted, which  is  not  the  case  with  the  other  phosphates. 
Like  the  phosphate  of  soda,  it  may  be  used  with  advan- 
tage in  analyses  by  the  blow-pipe.  A  triple  compound  of 
phosphoric  acid,  soda  and  ammonia  is  obtained  from  seve- 
ral of  the  animal  fluids,  and  was  known  to  the  older  che- 
mists by  the  name  of  Microcosmic  Salt. 
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treous  globule.  Phosphate  op  Ittria,  formed  by  com- 
plex affinity,  is  insoluble^  being  thi*own  down  in  a  gda- 
tinous  precipitate. 

Sect.  III. — Of  Phosphorous  Acid. 

This  acid  is  formed  in  the  slow  combustion  of  phospho- 
rus in  atmospheric  air.     It  constitutes  the  white  vapour 
which  arises  from  the  surface  of  the  phosphorus,  and  which 
attracts  water  from  the  atmosphere,  so  as  to  be  condensed, 
and  forms  a  dense  liquor,  which  has  a  smell  slightly  fetid, 
and  a  taste  extremely  sour.     When  exposed  to  heat,  part 
of  the  water  is  volatilized  j  and  as  this  proceeds,  a  vapour 
is  formed,  which,  disengaged  at  the  surface,  affords  a 
dense  white  smoke,  attended  even  with  a  luminous  ap- 
pearance, visible  in  the  dark,  and,  by  continuing  the  heat 
until  this  ceases,  the  phosphorous  acid  is  deprived  of  its  pe- 
culiar smell,  and  is  converted  into  phosphoric  acid.  From 
this  experiment,  some  chemists  have  been  disposed  to  con- 
sider phosphorous  acid  as  merely  phosphoric  acid,  hold- 
ing a  portion  of  phosphorus  dissolved,  the  luminous  va^ 
pour  being  probably  phosphorus  held  in  solution  by  the 
watery  vapour.     By  longer  exposure  to  the  air,  the  acid 
passes  slowly  and  imperfectly  to  the  state  of  phosphoric 
acid.     The  change  is  effected  more  speedily  by  adding  a 
little  nitric  or  oxy-nmriatic  acid. 

Phosphorous  acid  unites  with  the  alkalis  and  earths, 
forming  salts  named  Phosphites.     These,  in  several  of 
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their  pfoperties,  resemble  the  phosphides.  They  are  dis* 
tinginshed  from  the -phosphates,  by  appearing  luminous 
when  heated  by  the  blow-pipe^  and  by  affording)  by  distil- 
lation, a  small  quantity  of  phosphorus.  They  detonate, 
too,  with  oxy-muriate  of  potash,  and  precipitate  gold  from 
ife  solution,  in  a  metallic  state.  They  pass  very  slowly  in- 
to phosphates  fi-om  exposure  to  the  air.  Those  formed 
from  the  alkalis  are  soluble  and  ciystalliiJable ;  those  from 
the  earths  are  insoluble,  but  acquire  solubility  from  an  ex- 
cess of  acid.  They  are  so  unimportant  as  not  to  require 
&rther  notice. 


Sect.  IV. — Of  Phosphuretted  Hydrogen, 

This  compound  of  phosphorus  and  hydrogen  es^ists  in 
the  elastic  form.  It  is  obtained  by  combining  with  phos- 
phorus a  substance  which,  by  a  resulting  affinity,  shall 
enable  it  to  decompose  water.  Thus,  if  one  part  of  phos- 
phorus is  heated  with  10  or  12  parts  of  a  solution  of  pot- 
ash, the  alkali  exerts  this  operation,  one  portion  of  the 
pho^horus  combines  with  oxygen  from  the  decomposition 
of  the  water,  and  forms  phosphoric  acid,  with  which  the 
potash  combines ;  another  portion  of  the  phosphorus  is 
dissolved  by  the  hydrogen  of  the  decomposed  water,  and 
the  elastic  compound  is  disengaged..  Another  process  is 
to  combine  phosphorus  with  dry  lime,  by  causing  the 
phosphorus  to  pass  in  vapour  over  lime  inclosed  in  a  tube, 
which  is  raised  to  a  red  heat.     This  phosphuret  of  lime 
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dropt  into  water  instantly  decomposes  it,  and  pbosphuret- 
ted  hydrogen  rises  in  the  gaseous  form,,  the  Ume  fiivouring 
the  action  of  the  phosphorus  on  the  water^  as  the  potash 
does  in  the  other  process. 

The  distinguishing  property  of  this  -gas  is  its  high  in- 
flammability,  in  consequence  of  which  it  takes  fire  wheis 
«ver  it  is-  presented  to  the  atmospheric  air.  It  cannoti 
with  safety,  be  mixed  with  this  air,  even  in  small  quanti- 
ties ;  it  is  therefore  merely  allowed  to  bum  as  .it  escapes 
from  the  water  in  which  the  extremity  of  the  retort  con- 
taining the  materials  producing  it  is  immersed.  Pre- 
,  sented  in  single  bubbles  fo  oxygen  gas,  its  combustion  is 
still  more  violent,  and  is  accompanied  with  intense  light. 
The  products  of  the  combustion  are  phosphorous  acid  and 
watery  vapour,  and  a  singular  appearance  is  presented  by 
these :  the  bubble  of  gas,  as  it  escapes  and  inflames,  expands 
into  a  horizontal  ring  of  light  white  vapour,  which  en- 
larges in  diameter  as  it  rises,  until  it  breaks ;  this  is  phos- 
phorous acid  wafted  by  the  watery  vapour,  and  it  owes 
this  form  to  the  eccentric  impulse  of  the  explosion. 

This  gas  is  permanently  elastic  5  it  is  sparingly  soluble 
in  water ;  its  smell  is  fetid,  very  similar  to  that  of  putrid 
animal  matter,  though  more  faint.  It  has  no  sensible  aci- 
difj^.  By  remaining  over  water  it  is  decomposed.  From 
the  products  of  its  combustion,  it  is  obvious  that  it  is  a 
compound  of  phosphorus  and  liydrogen  ;  perhaps  with  a 
portion  of  oxygen.  Its  elements  appear,  too,  to  combine 
in  different  proportions ;  for  the  gas  disengaged  at  the 
commencement  of  the  process  by  which  it  is  usually  ob- 
tained, is  not  so  highly  inflammable  as  that  which  is  after- 
wards form^. 
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Sficr.  y.^'-^Phosphwetted  Sulphur • 

SutPHtJK  and  phoq)honi6  eombine  by  t)i6  a^lication 
of  heat,  the  mixture  of  them  being  usually  heated  under 
water  to  avoid  the  combustion  of  the  phosphorus,  and 
even  the  experiment  in  this  way  requires  to  be  conducted 
with  caution.     The  compound  is  more  fusible  than  the 
phosphorus  alone ;  its  Visibility  is  greatest  when  it  is  form- 
ed from  about  equal  parts,  the  mass  remaining  liquid  at 
temperatures  above  60^ ;  in  other  proportions  it  is.  solid 
but  soft.     In  its  formsJ^on  a  portion  of  water  appears  to 
be  decomposed ;  and  when  the  heat  is  raised  a  little  high, 
l^osphuretl^d  )iydj*4]geiii  is  diseng^ed,  aod  sometimes  so 
rapidly  as  tp  piioduce  an  e^odbn^    A  portion  of  oxygen 
th^efore'pvobabfy  mst&  m  (he  cpmpostkicia  of  the  com- 
pound.   Dr  Brjg^  \m^  given  a  process  in  w^ch  the  sul- 
phur and  |xboQphcu;u^  &se  c^ombinqd  in  the  dry  way :  heat 
being  ^pUed  to  them  in  a  tube  firmly  corked  fay  plunging 
it  in  w^x^  watteTj  and  raising  the  beat  gradua%  until  the 
water  boH« 

Dr  Briggs  lias  observed,  that  this  c<Hnpound  is  difi^ent 
from  that  &rmed  under  water.  When  a  smallproportion 
of  sulphur  has  been  used,  it  is  solid  when  cold,  and  has  a 
cryst^dliced  appearance;  the  other' is  spongy  and  finable* 
The  fi)rmer  is  less  inflammable  than  the  latter,  but  is  renr 
dered  equally  inflammable  by  kindling  it  in  the  tube  with 
a  hot  wire,  and  allowing  it  to  bum  lor  a. few  seconds,  oxy- 
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gen  probably  being  communicated  to  it  from  the  air, 
or  from  the  water  formed  by  the  coml^ustion.  Both 
are  more  inflammable  than  phosphorus,  and  hence  these 
compoimds  are  employed  in  forming  the  phosphoric  match 
bottles  ;  a  very  small  proportion,  however,  of  sulphur  being 
added  to  the  phosphorus,  as  with  too  large  a  quantity  the 
compound  is  soft. 


CHAP.  V. 

OF  BORACIC  ACID,  ITS  BASE  AND  COMBINATIONS^ 

The  salt  named  Borax  has  long  been  known  in  com- 
merce, and  applied  to  some  uses  in  the  arts.  It  is  a  native 
production  brought  from  Thibet  in  an  imrefined  state. 
It  consists  of  soda  combined  with  a  peculiar  acid,  which 
has  derived  from  it  the  name  of  Boracic  Acid.  The 
acid  is  procured  either  by  dissolving  the  borax  in  warm 
water,  and  adding  sulphuric  acid,  which  combines  with  the 
soda,  and  the  solution  on  cooling  deposites  the  acid  in  soft 
scales,  which  are  freed  from  any  adhering  sulphuric  acid  or 
sulphate  of  soda  by  a  second  crystallization  ;  or  adding  to 
sulphuric  aci^,  diluted  with  an  equal  weight  of  water,  two 
parts  of  borax  in  powder,  and  applying  a  moderate  heat ; 
the  sulphuric  acid  combines  with  the  soda,  the  boracic 
acid  is  volatilized  by  its  affinity  to  the  watery  vapour,  and 
condenses  in  scales  in  the  neck  of  the  retort. 
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Bortacic  acid  has  been  decomposed,  at  least'pattlally,  by 
the  application  of  galvanism,  and  by  the  action  of  potash 
dmn.  When  it  is  submitted  to  the  action  of  a  powerful 
galvanic  battery,  a  dark  coloured  inflammable  substance^ 
Mr  Davy  found,  is  produced  at  the  negative  surface, 
which,  when  heated,  bums  slowly  and  reproduces  acid 
..  matter.  When  the  boracic  acid  was  heated  with  an  equal 
weight  of  potassium,  vivid  combustion  was  produced,  and 
a  substance  obtained  in  the  form  of  an  olive  coloured  glass, 
which,  when  dissolved  in  water,  deposited  an  olive  colour- 
ed powder.  This  substance,' exposed  to  heat,  is  neither 
j^ised  nor  volatiKzed,  nor  does  it  undergo  much  change  ex- 
cept being  rendered  more  dense.  When  heated  ui^der  ex- 
posure to  the  atmosphere,  it  takes  fire  and  bums  with  a 
red  light ;  in  oxygen  gas  it  bums  more  vividly.  In  both 
cases  boracic  acid  is  formed.  It  is  also  oxygenated  by  ni- 
tric, sulphuric,  and  oxy-muriatic  acids,  and  boracic  acid  is 
produced.  .  It  is  not  dissolved  by  hydrogen  nor  nitrogen : 
it  combines  with  sulphur ;  and  forms  soluble  compounds 
with  the  fixed  alkalis.  This  substance,  Mr  Davy  regards 
4IS  standing  in  the  same  relation  to  boracic  acid,  that 
sulphur  or  pho^horus  does  to  sulphuric  or  phos- 
phoric acid,  though  it  is  probacy  not  the  simple  base. 
In  combining  with  potassium  it  forms  a  compound  ha^ 
ving  a  degree  of  metallic  lustre,  in  which  probably  the  pure 
base  is  contained.  To  this  base  Mr  Davy  assigns  the 
name  of  Boracium ;  it '  may  be  metallic,  and  the  olive 
coloured  substance  is  perhaps  an  oxide.  Gay  Lussac  and 
Thenard  discovered  the  same  injQammable  matter,  and  ob^ 
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sci*ved  the  di^rent  states  of  cnddotion  11iroiq;fa  wliidi  it 
passes  brfore  h  fonns  the  acid. 

Boracic  add  is  in  the  form  of  white  fanlUant  tscales^  soft 
to  the  touch ;  its  taste  is  bittensh,  with  a  sUgbt  degree  of 
sourness ;  it  reddens  the  vegetable  colouns.  It  is'  not  ti* 
tsted  by  exposure  to  the  air ;  is  soluble  in  20  psrts  of  odd 
water,  and  in  5  of  boiUng  water.  It  is  also  soluble  in  al<« 
kohol,  and)  what  is  a  distinctive  character  of  it,  gives  to 
the  flame  of  alkohol  in  burning  a  green  colour. 

Exposed  to  a  moderate  heat  it  swells ;  when  die  heat  n 
raised  to  redness,  it  is  fused  into  a  glass,  which  is  sohiUb 
again  in  water.  By  the  most  intense  heat  it  is  not  volati- 
lized ;  but  if  water  be  present,  the  aqueous  vapour  elevates 
with  it  a  portion  of  the  acid. 

Boracic  acid  combines  with  the  alkalis  and  several  of 
the  earths,  forming  compounds  named  Borates.  These 
retain  the  property  of  communicating  a  green  colour  to  the 
flame  of  alkohol.  They  are  decomposed  by  all  the  acids, 
the  carbonic  excepted,  in  the  humid  way  ;  but  in  the  dry 
way,  the  boracic  acid,  fi'om  its  great  fixity,  is  able  at  a 
liigh  temperature  to  decompose  those  salts,  the  acid  of 
which  has  a  tendency  to  assume  the  gaseous  form.  The 
alkaline  borates  are  very  soluble  in  water,  while  the  earthy 
are  the  reverse. 

Borate  of  Potash,  like  the  other  borates,  has  atai- 
dency  to  form  with  an  excess  of  alkali ;  it  is  soluble  in  wa- 
ter 5  by  slow  evaporation  its  solution  aifords  prismatic  cry- 
stals, which  are  not  changed  by  exposure  to  the  air.  It  is 
fosed  into  a  glass  by  heat. 

Borate  of  Soda,  the  Borax  of  Commerce,  is  a  native 
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3roduction>  being  obtained  from  a  lake  in  Thibet,  from 
the  sides  of  which  it  is  dug  up,  and  where  there  appears 
!o  be  a  constant  reproduction  of  it.  In  the  state  in  which 
it  is  imported,  it  is  impure,  but  is  purified  by  calcination, 
K>lution  and  crystallization.  In  the  state  in  which  it  is 
(net  with  in  the  shops,  itis  in  the  form  of  crystalline  masses, 
of  a  figure  irregular,  but  approaching  to  an  hexaedral 
prism.  It  is  not  perfectly  neutral,  but  contains  an  excess  of 
soda,  which  seems  necessary  to  cause  it  to  crystallize,  the 
^lution  of  the  neutral  salt  forming  by  evaporation  a  gelati- 
oqus  mass :  it  is  soluble  in  12  parts  of  cold,  and  in  6  parts 
of  boiling  water  j  it  is  very  slightly  efflorescent,  when  ex- 
posed to  a  moderate  heat,  it  melts  from  the  water  of  cry- 
stallization it  contains  \  when  this  is  evaporated,  there  re^ 
mains  a  spongy  white  mass,  named  Calcined  Borax.  If 
the  heat  be  raised  to  ignition,  this  is  melted  into  a  pellu* 
cid  glass  which  suffers  no  decomposition.  It  is  decompo- 
sed by  the  greater  number  of  the  acids  and  by  potash  and 
the  earths,  the  former  imiting  with  its  alkali,  the  latter 
with  its  acid.  From  the  facility  with  which  it  melts  and 
brings  other  substances  into  fiision,  it  is  of  use  in  some 
arts,  as  in  making  of  glass,  especially  the  finer  glass  for 
imitating  the  gems,  in  assaying  minerals  by  the  blowpipe, 
and  in  soldering  the  more  valuable  metals. 

Borate  of  Amkon^a,  though  Uttle  known,  has  been 
described  as  being  obtained  by  evaporation  of  its  solution 
in  prismatic  crystals,  of  a  sharp  taste,  and  which  change 
the  vegetable  colours  to  a  green,  evidently,  therefore^ 
containing  an  excess  of  alkali. 
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Borate  of  Babytes. — This  cc»npound)  formed  bjr 
adding  boracic  acid  to  barytic  water,  is  precipitated  in  the 
form  of  a  white  powder,  insipid,  and  insohible. — Borate 
OF  Strontites  forms  a  similar  precipitate,  which  ap- 
pears, however,  to  have  ah  excess  of  base,  ahd  which  dis- 
Goh'es  in  130  parts  of  boiling  water. — Borate  of  Lime 
is  precipitated  in  the  state  of  an  insoluble  powder,  white 
and  insipid. — Borate  of  Magnesia  is  obtained  by  eva- 
poration, in  a  ciystalline  mass,  of  no  regular  form.  With 
the  addition  of  lime,  it  forms  a  mineral  substance,  known 
by  the  name  of  Boracite.  It  occurs  crystallized,  in  cubes, 
which  are  so  hard  as  to  scratch  glass ;  semi-tranqparent ; 
of  a  white  colour,  with  a  shining  lustre. — Borate  op 
Argil  is  obtained  by  evaporation  of  its  solution,  in  the 
form  of  a  \nscid  substance,  through  which  minute  crystals 
are  interspersed,  having  a  very  astringent  taste. 

Boracic  acid  acts  very  feebly  on  the  metals,  but  may  be 
combine^  ^nth  then*  oxides  by  a  complex  aflinity. 


CHAP.  VI. 

OF  FLUORIC  ACIP,  ITS  BASE  AND  COMBINATIONS. 

This  acid  exists  in  the  mineral  known  by  die  name  of 
Fluor  Spar,  in  which  it  is  combined  with  lime,  and  from 
which  it  was  obtained  by  Scheele,  who  made  known  its 
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principal  properd^  It  has  fiince  been  discovered  in  a 
Saw  other  minerals  j  and  the  discovery,  ratb^  unexpectedf 
has  more  recently  been  made^  that  it  exists  in  the  aounid 
kingdom,  pa,rticularjy  in  the  enamel  c^  the  teeth,  and  in 
the  fossil  or  petrified  teeth  of  tha  elephant 

It  was  ranked  as  one  of  the  undecomposed  adds,  its 
base  being  altogether  unknown.  By  the  action  of  pptaa-* 
simn,  however,  on  it,  phenomena  have  been  produced>  in- 
dicating  its  decomposition. 

When  potassium  is  heated  in  fluoric  acid  gas,  Mr  Da- 
vy found  that  it  burns ;  a  great  portion  of  the  gas  4isap-> 
pears ;  and  if  a  sufficient  quantity  of  potassiui^  has  been 
employed,  die  residual  gas  is  hydrogen,  and  the  quantity 
of  it  is  less  as  the  add  gas  has  been  more  free  from  wa«> 
ter.  A  substance  of  a  chocolate  colour  is  lormed.  This 
burns  when  heated  in  atmospheric  air,  or  in  oxygen  j  oxy- 
gen is  absorbed,  and  acid  matter  formed.  It  may  be 
concludeil,  therefore,  that  it  contains  the  base  of  the  flu- 
oric acid }  but  it  is  prdbably  not  this  base  in  a  pure 
state,  but  in  a  state  of  oxidation  combined  with  potassium. 
.Experiments  with  results  nearly  sunilar  were  performed 
by  Gay  Lussac  and  Thenard. 

To  obtain  fluoric  acid,  fiuor  spar  in  coarse  powder  is 
submitted  to  the  action  of  twice  its  weight  of  sulphuric 
acid.  The  opciation  must  be  performed  in  a  leaden  re- 
tort, from  a  singular  property  of  this  acid,  that  it  dissolves 
siliceous  earth,  and  hence  acts  on  glass.  Tlie  sulphuric 
acid  combines  witli  the  lime  of  the  fluor  spar,  and  the 
fluoric  acid  assumes  tlie  gaseous  form.  The  gas  may  be 
collected  over  mercury,  as  it  is  absorbed  by  water ;  or  if  it 
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is  to  be  condensed)  the  retort  is  connected  with  a  leadea 
recover,  containing  a  sufficient  quantity  of  water.  Yet 
it  is  difficult  to  obtain  it  pure ;  it  is  liable  to  have  a  sli^t 
contamination  of  lead,  and  a  portion  of  silex  often  adhereS: 
to  it,  derived  from  the  fluor  spar.  From  this  it  may  be 
freed,  by  saturating  it  with  an  alkali,  and  decomposing 
this  compound  by  an  acid. 

Fluoric  acid  gas  is  permanently  elastic,  and  heavier 
than  atmospheric  air ;  it  has  a  pungent  suffi>cating  odour, 
is  corrosive,  and  highly  acid.  It  has  a  strong  attraction 
for  water,  so  that  when  presented  to  the  atmosphere, 
white  vapours  are  immediately  formed  from  its  attracting 
the  watery  vapour ;  and  when  dry,  it  takes  water,  as  Gay 
Lussac  and  Thenard  have  remarked,  from  ahnost  every 
other  gas.  When  transparent,  however,  it  does  not  i^ 
pear  to  retain  much  combined  with  it.  It  is  largely  ab-* 
sorbed  by  water,  and  the  liquid  when  saturated  is  highly 
acid  and  caustic ;  it  emits  white  vapours,  but  the  whole  of 
,the  acid  gas  cannot  be  expelled  from  it.  Either  in  the 
gaseous  or  liquid  state,  it  does  not  act  very  powerfully  on 
the  metals  or  inflanmiables. 

It  combines  with  the  alkalis  and  earths,  forming  salts 
named  Fluates.  They  are  generally  deliquescent,  and  not 
easily  crystallized :  the  fluoric  acid,  in  power  of  neutraliz- 
ing the  alkaline  properties,  exceeds  the  other  acids  :  hence, 
if  this  be  admitted  as  the  test  of  the  strength  of  acidity, 
it  is  the  most  powerful  of  the  acids,  and  its  apparently  less 
energetic  action  is  to  be  ascribed  to  its  not  beipg  obtained 
liquid  in  a  sufficient  state  of  concentration. 

Flu  ATE  OF  Potash  is  very  soluble  in  water,  and  its  so- 


QP  aliMat  my  eonip<mnd  jcontainjng  i^  Tbag,  when  Uie 
«cid  is  ^s6Bg9ged  fiio^jn  fluate  of  liiii^>  if  the  esqieriHieiit 
be  made  ia  a  gha^esaeif  part  ^  4be  ailez  of  the  g]«68  is 
dissolved ;  or  if  a  little  flint  ia  powder  has  bemi  nised 
.Fith  the  materials,  the  fluoric  acid  gas  holds  distphed  a 
large  portion  of  silex.  It  retains  it  in  solutioEy  wkea  re- 
.ceived  over  qoicksihrer;  bvt  ^vhen  preataited  to  waterj  a 
,  considerable  portion  is  s^Murated,  and  forms  a  gehtinous 
.  inatter,  retaining  a  little  acid ;  wd  the  acid,  dbsorbed  by 
the  water;  has  a  portion  of  (he  eailh  combined  with  iU 
If  the  liquid  fluoric  acid  be  kept  in  a  glass-yessdj  it  acts 
fjowly  upon  ^i  of  if  digostod  with  quarts  or  fli^t  in  poii^ 
4er  it  becomes  iiopregiiated  ifniJik  ejlcK,  i^  afie^  a  I^^gth 
p[  time  crjrstals  are  deposited,  «^hich  are  affiiined  to  be 
jPuate  of  si^ei^.  From  tike*6tr<>^g  aflSi^^of  (bis  add  to  si- 
lex,  it  retajuis  a  portion  of  it  in  coss^binatiop  with  other 
salifiable  bases,  forming  ten^ury  c^ppounds ;  or  if  previ- 
ously combined  >nth  these  bases,  it  still  acts  on  and 
.dissolves  a  portip;i  of  siUceous  earth.  The  acid  £rom  this 
power  is  en^ployed  to  engrave  on  glass,  being  applied 
either  in  the  gasieous  or  liquid  form^ 
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COMBOtNTiitlieiVSk  ■ 

sui^pliiiric  tfdd,  fari&ei)y  faMo^  Ml  ciidttists  bf  1^'nttm^ 
dC  l^irit  of  Salty  iMnr  ii^ii»d  llfArkMie  ibdd.  It  ex»t6  » 
a'pefmaneRi  gad,  bnl  iisj  edftd^^sed*  by  wttdr  ia  tmy  Lu^ 
qiutntity^  and  iotmt^  A  Mquid  aeid  of  bcoislderaibto  metigitr* 

This  acid  resiste  tike  f»tial  m^thodi  df  (A^ttilcal  imflija*. 
fliBr  a»d  iXis  coiifl()6sifioii)  iheh*€tibffey.  wm  akogpdsat^vm!^ 
hfiowA*  Gf^taAner  fenid  mtppo««d  hj^r^enf  tat  W  iu^b^^ 
fvM^  finding  Am  «hi»  efetfuetft  is^  eWt^ed  trilen  k  ifi  m^ 
iuMei  to  ti^r  ac^fm  of  onicMaMc^  bodies :  tfHd  oft  ilimilar 
gi^tends  BeFt^Uel  ^opj^osisd  i0 1^  hdiri^  »  oomp&axiA  bum 
fsSidydfogm  and  m&c^eiir-Hbn^uif^'  ftotf  st^pj^mM^  on^ 
aarf  dmsiTe  e^jdeiice)  ^  air^  i^elatic^  whkb  it  vtppsti€«iiiji- 
hoi  to  iky(ip<>gen  miglit  be  aeeoiint«d  for  d^iAnr  tlvif  pctttiw^ 
of  l^ater  combined  wit^  it.  .    • 

More  late>f ,  some  singi&r  facts  have  been  esttftllidieit 
wilk  r^ard  to  t&e  ihflaesiG^  ctf  watep  ift  cfifnfbtfi^tiG»  -wMi 
anirkiticr  acid,  and  tbese  have  even  sugg^aled  t6  Ikfr 
Davy  a  Tery  difibrent  view  of  the  colistitutioii  of  thia 
add.  On  obtaining  t^e  acid  gas  as  dry  ad  posisible,  aad 
heating  potas^imn  in  iij  (here  is  a  Violent  chemioal  aetiMi 
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with  ignition  i  the  add  gas  whoDy  diflappean ;  more  than 
one-third  of  its  volume  of  hydrogen  gas  is  evolved ;  and  on 
the  supposition  that  this  is  derived  from  water  contained 
in  the  mmiatic  acid  gas,  there  is  reason  to  infer^  that  the 
add  in  its  common  wkiSotm  stale  must  contain  one-thiid 
of  its  wdght  of  water.  Mr  Davy  farther  found,  that  mu- 
riatie  add  oould  not  be  disek^aged  from  its  dry  combimk 
tions  by  other  concrete  adds^  from  muriate  of  lime,  for 
example,  by  dry  phosphoric  or  boradc  acid,  by  the  appli- 
cation of  heat ;  but  if  w&ter  were  added,  it  is  extricated  in 
laige  quantity,— an  experiment  which  apparently  proves 
the  necessity  of  water  to  the  constitution  of  mutiatic  add 
gas.  Similar  results  had  b^en  obtained  by  Gay  Lussac 
and  Tbenatd.  It  had  also  been  known,  that  when  muri- 
atic add  is  subjected  to  the  action  of  the  dectric  HpaAj 
hydrogen  is  evolved,  and  this,  even  when  the  gas  had 
been  previously  rendered  as  dry  as  possible,  by  beii^  en* 
posed  to  substances  which  have  a  strong  affinity  to  water. 
All  these  facts  may  be  explained  on  the  hypothesis  that 
muriatic  add  contains  water  in  a  state  of  intimate  combi- 
nation ;  but  Mr  Davy  has,  from  other  speculations,  been 
led  lately  to  give  a  different  theory  of  them.  In  submit- 
ting  muriatic  acid  to  the  action  of  substances  which  af&rd 
oxygen  easily,  it  is  converted  into  a  substance  which,  be- 
ing supposed  to  be  a  compound  of  muriatic  acid  and  oty- 
gen,  has  been  named  Oxy-muriatic  Acid.  This  eondu- 
sion  Mr  Davy  has  called  in  question :  oxy-muriatic  acid  he 
regards  as  a  simple  body,  and  muriatic  ackl  as  a  com- 
pound of  it  with  hydrogen.  The  grounds  on  which  this 
last  conclusion  rests,  being  connected  with  the  theory  of 
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1*196:  whai  of  lliiB  «trength,  k  0cmtaaii%  moeatJSmgib 
Kirwan's  estimate,  25  of  real  acid.  In  hi  comnon  iMe 
it  has  ayellow  tkige,  but  this  arises  fifom  impurity  v  snd 
Vj  distiHing  it  fpom  a  little  mmiats  of  soda^  it  is  obtain^ 
eolouiiess.  It  emits  white  vapours,  haTibg  a  pungtnt 
smeB,  and,  evm  when  largely  dihitedy  has  a  vei^  sour 
tastei  and  reddens  the  vegetable  colours*  As  it  does  MC 
directly  communicate  oxygen,  it  does  not  act  with  mudi 
energy  on  ItiflllmmaUe  substances ;  and  it  dissdiv^  metals 
only  by  enabling  them,  by  the  resulting  affinity  it  exerts,  to 
decompose  water  and  attract  its  oxygen  ^  betice  these  so- 
lutions are  attended  with  a  disengagement  of  hydn^en 
gas.  It  combined  with  all  the  metallic  oxides  i  it  alio 
unites  easily  with  the  alkalis  and  earths.  Its  salts  are 
named  Muriates ;  the  alkaline  and  ealthy  muriates  are  so- 
luble and  crystaBizablc,  and  hare  in  general  that  taste 
more  peculiarly  denominated  saline. 

MxmiATE  OP  Potash  has  a  taste  saline  and  slightly  bit- 
ter;  it  is  soluble  in  three  parts  of  cold,  and  in  half  ife 
weight  of  boiling  water,  the  latter  solution  crystallising  on 
cooling ;  its  crystals  have  a  cubic  form,  but  are  not  regu- 
lar: they  are  slightly  deliquescent,  and  they  decrepitate 
when  hfeuted.  This  salt,  obtained  by  some  indirect  che- 
liiical  processes,  is  used  in  the  manufacture  of  alum,  and 
as  a  flux  in  melting  some  of  the  metals. 

Muriate  of  Soda  is  the  salt  which  exists  in  largest 
quantity  in  nature.  It  is  the  principal  saline  ingredient  of 
the  ocean,  forming,  when  it  is  eXtracteil,  what  is  named 
Sea  Salt,  and  it  exists  in  imniehse  beds  in  the  earth  form- 
ing Rock  Salt.     In  the  latter,  it  is  generally  pure,  or  has 
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position.  It  18  decomposed  by  the  iSxed  adds,  which  expel 
the  muriatic  add,  eq>edally  when  aided  by  heat. 

Muriate  of  soda  is  ia  common  use  to  counteract  the 
process  of  putrefiu^tion  ia  animal  matter,  and  the  theory 
of  its  antiseptic  operation  is  not  well  understood :  it  is  ta- 
ken uniYersally  as  a  condiment  to  food,  and  it  is  employed 
in  a  number  of  chemical  arts.  The  deccrnqposition  of  it,  so 
as  to  obtain  its  alkaline  base,  is  a  process  of  much  import- 
ance, as  affording  a  source  whence  soda  can  be  abimdiant- 
)y  procured.  .  It  has  been  attempted  on  the  large  scale  by 
the  intermedium  of  oxide  of  lead,  of  carbonate  of  potash, 
of  lime  and  iron,  of  sulphuric  acid,  and  the  sulphate  of 
soda  being  afterwards  decomposed  by  the  joint  acti(m  of 
iron,  lime,  and  charcoal;  some  of  these  processes  are,  from 
local  circumstances,  frequently  carried  on  with  advantage* 

Muriate  of  Ammonia. — This  is  the  sal-ammoniac  of 
commerce,  an  important  salt  from  the  uses  to  which  it  is 
applied,  and  which  is  generally  prepared  on  a  large  scale. 
The  processes  are  various,  but  in  general  a  sulphate  of 
ammonia  is  procured  by  maceration  from  soot,  or  by  sa- 
turating the  impure  ammonia  obtained  in  the  distillation 
of  animal  substances  by  adding  sulphuric  acid ;  it  is  de- 
composed by  muriate  of  soda,  ^nd  the  muriate  of  ammo- 
nia, formed  by  the  operation  of  a  double  affinity,  is  subli- 
med. It  is  thus  obtained  in  large  semi-spherical  cakes 
of  a  crystalline  structure.  By  solution  in  l)oiiing  water 
and  cooling  it  may  be  crystallized,  its  crystals  being  four- 
sided  prisms.  It  is  soluble  in  Sj-  parts  of  water  at  60^, 
and  in  its  own  weight  of  boiling  water.  It  is  volatili- 
zed by  heat.     It  is  used  in  soldering  the  metals,  and  in 
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cardi  is  newly  predpitoted^  it  is  sennbljr  disfldhred  by  the 
addition  of  the  acid. 


A  oompound  acid  is  formed  by. the  mixture  of  mbriatk 
idd  and  nitric  adkl,  which  has  some  peciiUaF  propcrliesy 
and  which  in  particular  dissohres  gold  with  facility, — a 
property  £rom  which  it  received  from  the  alchemists  the 
name  of  Aqua  Regia«  It  is  obtained  by  mixing  one  part 
of  muriatic  with  two  parts  of  nitric  acid ;  during  their 
eC^iAbmation  the  formation  of  cnsfy-muriatic  add  is  indicated 
tiy  it»  od()iGr,  nifric  oi^ide  ge»  is  disengaged^  add  a  portk»f 
of  it  is  also  fetsaMd  ki  -the  liquid,  giving  it  a  dark  orange 
Ooibni'.  It  has  beefn  cptMJuded,  therefore,  that  in  the  mu^ 
fttal  action  of  these  acids,  part  of  the  nitric  acid  is  decom- 
posed, its  ojtygen  is  transferred  to  the  muriatic  add,  and 
to^  the  oxyHHiuriatic  add  thus  formed  the  peculiar  powers  of 
the  compound  have^ been  ascribed.  It  appears,  however,  to 
be  chiefly  a  comjiound  of  nitric  and  muriatic  acids,  and 
its  energietic  action  on  the  metals  ap}>ears  to  be  owing  tft 
the  latter  acid  by  a  disposing  or  res^dting  afBnity  prom^ 
ting  the  decomposition  of  the  former,  fevouring  therefore 
the  communication  from  it  of  oxygen  to  the  metal,  with 
which  in  its  oxidated  state  it  then  ccmrbines.  It  is  named 
Nitro-muriatic  Acid,  and  is  employed  in  some  of  the  pro* 
cesses  of  assaying. 
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ScHS£i;.£  disDomered,  diat  m  the  action  pf  muridtic  acid 
ion  black  0X]de  of  nuuigai^ese^  the-  acid  fHnstaina  veiy  igpf 
{x>rtant  changeiB  itai  its  pr^dpertite. '  A  gas  ia  dUexigaged  of 
«  graemah  jneUoir  coloarr  having  an  iJatoleraUe  suffocating 
jodoor,  not  wo  eainlf  condensod  by  water  as  sauriatk  4a»d 
gas^  having  much  less  acid  power,  and  pecuUariy  diatin"* 
guished  by  the  paroperty  t»f  destaroying  iha  vegetable  co- 
lours. Aeoording  to  the  Views  of  cb€»uv^  theory  then 
jadoptedy  he  oonoludad»  that  this  duoige  is  produced  in 
mmiatic  acid  by  phk^pustan  being  attracted  firom  it  by  the 
jblack  oxi^  c^  manganese.  He  therefor^  naned  it  D^ 
fddogistioalitd  Miurialiic  Acid. 

This  theory,  expressed  according  to  the  language  of  tb^ 
more  Hiodem  chemical  systeacDf  in^lied  merely^  that  the 
muriatic  acid  recdved  oxygen*  The  new  product,  there- 
|bre»  was  named  0]cy<^muriatic  Acid^  and  this  view  oS  its 
oonstitutian  appeared  to  be  confirmed  by  other  &ct&. 
The  oxide  of  manganese,  on  which  it  had  acted,  waa 
Ibund  to  be  deprived  of  much  of  its  oxygen :  when  the 
add  was  submitted  to  the  action  of  substances  having  an 
attraction  to  dacygen^  as,  fer  example,  to  the  metals,  tlieie 
irwit  fpund  to  be  cxiddated^  while  muriatic  add  was  at  the 
same  time  reproduced :  by  the  simple  experiment. even  of 
exposing  the  solution  of  the  oxy^muriatic  acid  in  water  to 
the  rays  of  die  sun,  very  pure  cxygen  gas  was  found  to  be 
lurpduoed,  accompanied  with  the  transition  to  muriatiig 
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acid ;  or,  lastly,  if  the  osy-muriatic  add  were  comlnned 
with  alkaline  bases,  these  compounds  afforded  a  large 
quantity  of  pure  oxygen  when  decomposed  by  heat,  and 
in  this  case  too  muriatic  acid  was  obtained.  All  these 
bets  appeared  to  prove  UReqpiiyocaIh|r,  that  the  product  of 
the  action  of  muriatic  acid  on  oxide  of  manganese  is  a 
compound  of  that  acid  wittroxygen,  and,  m  oonfermily  to. 
this,  it  was  farther  found,  that  it  might  be  formed  by  the 
action  of  muriatic  acid  on  other  substances  capable  of 
affixrding  oxygen. 

Notwithstanding  the  apparent  strictness  of  these  con* 
elusions,  they  have  lately  be^i  called  in  question  by  Mr 
Davy,  and  the  opposite  theory  has  been  advanced,  that 
oxy-muriatic  add  contains  no  oxygen,  but,  so  far  as  our 
knowledge  of  it  extends,  is  a  simple  substance  belonging 
to  the  same  class  with  oxygen,  or  possessed  like  it  of  the 
property  of  communicating  acidity  to  the  combinations 
into  which  it  enters.  He.was  led  to  doubt  of  the  existence 
of  oxygen  in  oxy-muriatic  acid  gas,  from  finding,  that 
charcoal,  if  free  from  hydrogen,  heated  in  it,  produces  no 
change,  though,  as  this  inflammable  has  so  strong  an  slU 
traction  to  oxygen,  it  ought  to  abstract  it  if  it  existed  in 
the  oxy-muriatic  acid,  especially  as  the  oxygen  has  been 
supposed  to  be  retained  in  this  acid  by  a  weak  affinity. 
When  hydrogen  gas  and  oxy-muriatic  acid  gas  are  pre* 
sented  to  each  other,  they  are  converted  into  muriatic 
acid :  according  to  the  common  theory,  this  must  be  sup- 
posed to  arise  from  the  combination  of  the  oxygen  of  the 
oxy-muriatic  acid  with  the  hydrogen,  forming  water. 
But  Gay  Lussac  and  Thenard  have  foqnd,  that  no  water 
is  deposited  in  the  experiment.     Mr  Davy  farther  found. 
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that  osy-muriatic  acid  fdrm»' combinations  with  inflani- 
mables  and  metals ;  but  in  these  compounds,  while  water 
was  excluded,  he  could  discover  no  indication  of  the  pie-^ 
sence  of  oxygen.  He  remarks,  therefore^' that  there  is  no 
experimental  evidence  of  the  existence  of  oxygen  in  oxy- 
muriatic  acid ;  and  the  direct  inference  from  the  produc- 
tion of  muriatic  acid  by  the  mutual  action  of  oxy-muriatic 
acid  and  hydrogen  is,  that  it  is  a  compound  formed  by 
their  combination.  On  this  hypothesis  may  be  explained 
all  the  facts  whence  the  common  theory  of  the  ccmstitn- 
tion  of  oxy-muriatic  acid  has  been  inferred* 

This  view,  singular  as  at  first  it  appears  to  be,  may  no 
doubt  be  maintained  %  yet  the  opposite  theory,  I  would 
remark,  may  still  be  defended,  and  the  investigation  of 
this  important  subject  is  not  yet  siiffidentfy  advanced  to 
admit  of  any  certain  conclusion  being  drawn.  Its  rela* 
tion  to  the  general  theory  of  acidity  has  been  aheady 
considered.  - 

The  process  employed  by  Scheele  to  obtain  oxy-muria- 
tic acid,  consists  in  distilling  with  a  moderate  heat  muria* 
tic  acid  diluted  with  an  equal  weight  of  water  from  black 
oxide  of  manganese.  It  is  more  economical,  and  succeeds 
equally  well  to  mix  with  the  oxide,  muriate  of  soda  and 
sulphuric  acid ;  four  parts  of  muriate  of  soda  being  takeq 
with  one  of  black  oxide,. and  three  of  sulphuric  acid  pre- 
viously diluted  with  two  of  water.  Their  mutual  action  is 
&voured  by  a  very  gentle  heat  The  sulphuric  acid  com^^ 
bines  with  the  soda  of  the  muriate  of  soda,  and  disengages 
the  muriatic  acid,  which,  according  to  the  common  theory. 
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receives  oiygen  from  the  Uack  o^dde  of  mapgaiifife,  or, 
according  to  the  hypothesis  of  Da\7,  the  oxygon  of  the 
oxide  combines  with  the  hydrogen  of  the  muriatic  acid 
and  forms  wat^,  while  the  other  principle  of  the  acid^  the 
Qxy-muriatic  Acid  as  it  is  named,  is  disengaged. 
.  The  oxy-muriatic  acid  produ^  in  this  operation  is  dis- 
engaged in  the  elastic  form,  and  if  it  is  to  be  submitted  to 
examination  under  this  form,  it  may  be  received  over  warm 
water.  It  may  be  condensed  by  passing  it  through  cold 
water  in  the  bottles  of  Woolfe's  apparatus,  and  may  thus 
be  procured  in  the  liquid  form, 

Oxy-muriatic  acid  gasj  tliough  it  retains  its  elasticity  at 
low  temperatures  under  a  common  atmospheric  pressure, 
Biay  be  condensed  by  applying  powerful  pressure  to  it  It 
is  the  only  gas  that  is  visible,  being  discovered  by  its  yel- 
lowish green  colour ;  it  is  heavier  than  atmospheric  air ; 
its  odour  is  intolerably  sufTocating,  apd  even  when  largely 
diluted  with  atmospheric  air  it  produces  a  sense  of  suffoca-* 
tion  when  it  is  respired. 

It  is  absorbed  by  water  in  a  quantity  larger  as  the  tem- 
perature is  low ;  at  50°  the  water  takes  up  about  twice  its 
volume.  When  the  water  is  saturated  with  it,  if  it  be 
cooled  below  40°  it  suffers  a  kind  of  congelation,  soft  scales 
arc  formed  in  it,  and  even  crystals  in  the  fonn  of  quadran- 
gular prisms  j  these  are  the  compound  of  the  oxy-muriatic 
acid  and  water  :  a  moderate  heat  soon  liquefies  it.  The 
solution  has  a  yellowish  green  colour,  and  its  odour  is  that 
of  the  acid  itself ;  its  taste  is  rather  styptic  than  sour,  andj 
like  the  gas  itself,  it  has  the  property  of  destroying  tlie  ve- 
getable coloms, 
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inflamtatoble  m*  ttietalUc  base,  'wbile  the  hydrogett  fttms 
wi A  tlie  o^-touriatiil  add,  mmiatic  acid  which  unites  wiA 
Ac  oxide. 

Hydrogen  and  oxy*4nimatic  acid  g;a8e8  act  on  eftch  odw 
Ycry  slowly  at  a  kiw  temperature)  unless  Water  he  iidhnitted» 
vhidi  &yours  their  mutual  action.  If  the  electtie  spatk 
be  transmitted  through  the  mixture  of  them  they  dsBBj^ 
peai^  and  muriatic  acid  gas  is  produced*  Dalton  and  Gay 
Lossac  hare  also  obserred)  that  a  similar  rapid  comluna* 
tion  is  produced  wb^i  (hey  are  expoflied  to  aohur  hj^t 
Carburetted  and  sulphuretted  hydrogen  gasea  are  decom- 
posed by  it,  and  it  decomposes  ammonia. 

Su^hur,  if  introduced  in  fusion,  bums  in  oxynsmriatic 
acid  gas ;  if  not  in  fusion  it  combines  with  it,  aftd  fimns 
a  liquor  of  a  red  colour,  which  Dr  Thomson,  who  obser- 
ved its  production,  has  considered  as  a  compound  of  oxide 
of  sulphur  and  muriatic  acid.  Mr  Davy  supposes  it  to  be 
a  compound  of  oxy-muriatic  acid  and  sulphur. 

In  its  liquid  form  oxy-muriatic  acid  does  not  act  with 
mudii  en^gy  on  inflammables.  Some  of  the  metals,  how- 
ever, are  dissolved  by  it>  Oxygen  being  previously  commu- 
nicated to  the  metal  either  from  the  a6id  or  the  water. 

The  most  important  chemical  property  of  this  substance 
is  displayed  in  its  action  oh  the  VegetaUe  colours.  Many 
of  th^fn  it  entird^  destroys ;  and  even  those  which  are 
most  deep  and  permanent,  such  as  the  colour  of  ind^^ 
it  retidcTs  faint,  and  changes  to  a  light  y^ow  or  brown. 
Beilhollet  applied  this  agency  of  oxy-muriatic  acid  to  the 
process  of  bleaching,  and  with  such  success  as  to  have  en- 
•?irely  changed  the  manipulations  of  that  art.  The  me- 
thod of  af^lying  it  has  been  duccessivdy  kaprored.    It 
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concentrated  state^  it  does  not  directly  combine  with  it, 
but  undergoes  decomposition ;  a  portion  of  it  returns  to  the 
state  of  muriatic  acid>  and  the  other  portion,  with  a  quan* 
ti^  of  oxygen,  enters  into  combination  with  part  of  the  al- 
kaline base.  It  has  been  concluded  tram  this,  that  ne 
combination  of  the  oxy-muriatic  acid  with  the  alkalis  exr 
ists.  This  appears,  however,  to  be  a  mistake :  when  the 
acid  and  the  alkaline  solution  are  much  diluted,  their  mut- 
tual  action  is  rendered  less  aiergetic :  this  decompositioBy 
therefore,  does  not  take  place,  but  their  direct  annbination 
is  established  -,  the  proof  of  which  is,  that  the  liquor  thus 
formed  retains  the  characteristic  property  of  oxy-muriatic 
acid,  that  of  weakening  or  destroying  the  vegetable  colours. 
These  combinations,  however,  cannot  be  obtained  in  an 
insulated  state,  as  there  is  no  mode  of  concentrating  their 
solution  without  giving  rise  to  that  re-action  which  pro- 
duces decompositicm* 


Sect.  III. — Of  Hyper-oxyrmcriatic  Acid. 

When  a  current  of  oxymuriatic  acid  gas  is  passed 
through  an  alkaline  solution  of  a  certain  strength,  a  sak 
is  deposited  by  spontaneous  crystallization,  which,  by 
analysis,  is  found  to  contain  a  larger  portion  of  oxygen, 
compared  with  "the  quantity  of  muriatic  acid  it  contains, 
than  it  could  do,  supposing  it  to  be  a  compound  of  oxy- 
muriatic acid.  It  has  also  been  fomid,  that  a  portion  of 
the  oxymuriatic  acid  returns  to  the  state  of  muriatic  acid, 
a  quantity  of  that  acid,  combined  with  a  portion  of  the 
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lovmnd'the  salt  becomes  of  an  orange  colour,  but  no  seo- 
fliUe  product  can  be  obtained :  if  heat  is  a{qplied  to  fisivour 
the  action,  an  eaqplotion  is  produced,  or  if  this  is  avoided, 
the  vi^KNur  discyigaged  has  an  intermixture  o£oijgjsa  and 
oigrmuriatic  acid  gases.  Hyper-oxymuriatic  acid,  there- 
fiure,  if  it  do  exist,  is  unknown  in  a  perfec^y  insulated, 
state,  and  there  are  only  the  salts  named  Hyper-oxy* 
muriates  supposed  to  contain  it,  the  history  of  which  is  to 
be  delivered.  From  the  large  quantity  of  oxygen  they 
contain,  they  act  with  violence  on  inflammatde  bodies, 
producing  with  them  deflagration  or  detonation  by  mere 
trituration :  th^  aSbrd  very  pure  oxygen  when  decom- 
posed by  heat  $  they  produce  no  precipitates  widi  metallic 
salts,  as  the  muriates  do;  neither  do  they  r^^ain  the  power 
of  the  oxjrmuriates  of  impairing  the  vegetaUe  colours.  - 

Of  these  salts  the  Hyper-oxymuriate  of  Potash  is  best 
known.  To  prepare  it,  a  solution  of  four  parts  of  sub- 
carbonate  of  potash  in  sixteen  parts  of  water,  from  which 
the  carbonic  acid  is  abstracted  by  the  action  of  lime,  k 
put  into  tlie  bottles  of  Woolfe's  apparatus,  and  a  current 
of  oxymuriatic  acid  gas  is  passed  through  it,  frcmi  a  re- 
tort containing  the  materials  from  which  this  acid  is  dis- 
engaged :  this  is  continued  until  the  alkali  is  neutralized : 
the  salt  named  Hyper-oxymuriate  of  Potash  is  deposited 
in  scales,  while  a  portion  of  muriate  of  potash  remains  in 
solution.  The  rationale  ef  the  process  has  been  ahready 
stated:  according  to  the  theory  hitherto  received,  the 
oxymuriatic  acid  is  supposed  to  suffer  decomposition, 
one  portion  returning  to  the  state  of  muriatic  acid,  the 
other  receiving  the  oxygen  which  this  has  yielded,  and 
foirming,  by  imiting  with  the  alkali,  hyper-oxymmiate  of 


^20  OF  RYPSR-OXTMORIATIC  ACm. 

Ue  substances  $  two  or  three  grains  of  the  salt,  for  exam* 
pkj  mixed  with  half  the  quantity  of  sulphur,  charcoal,  re- 
sins, or  oils,  forming  mixtures  which  are  kindled  by  the 
coi^tact  of  sulphuric  or  nitric  acidic 

The  salt  itself  acts  with  still  more  energy  on  inflammA- 
hle  bodies.  If  a  grain  or  two  be  triturated  with  half  its 
weight  of  sulphur  or  charcoal,  or  if  the  mixture  in  these 
proportions  be  struck  forcibly,  a  loud  detonation  is  produ- 
ced. A  similar  effect  is  produced  when  several  of  the  me- 
tals arc  employed ;  and  with  pho6jJK)rus  the  detonation  is 
so  violent,  that  it  can  be  made  with  safety  only  on  a  very 
small  quantity*  These  mixtures  are  also  inflamed  by  the 
electric  discharge  and  by  applying  heat.  These  effects  ap- 
pear to  arise  from  the  rapid  combination  of  the  oxygen  of 
the  salt  witli  the  inflammable  body,  and  the  formation  in 
general  of  an  elastic  product. 

The  other  hyper-oxymuriates  scarcely  require  particu- 
lar notice.  The  h^'per-oxymuriate  of  soda  is  not  so  easi- 
ly obtained  pure  as  that  of.  jx)tasli,  as  it  is  nearly  of  the 
same  degree  of  solubility  with  muriate  of  soda,  and  is 
therefore  not  easily  separated  from  it  by  crystallization. 
It  crystallizes  in  cubes,  is  deliquescent,  and  is  soluble  in 
three  parts  of  cold  water.  Hyper-oxymuriate  of  ammo- 
nia is  formed  by  decomposing  carbonate  of  ammonia  by 
h}T)er-oxymuriate  of  lime ;  is  very  soluble  in  water  and  in 
alkohol,  and  is  decomposed  by  a  slight  elevation  of  tempe- 
rature. H}^3cr-oxymuriate  of  barjtes  is  soluble  and  cry- 
stallizable,  as  is  also  that  of  strontites ;  hyper- oxjnnuriate 
of  lime  is  deliquescent,  and  soluble  in  water  and  alkohol; 
hyper-oxjTUuriate  of  magnesia  has  nearly  the  same  propei:- 
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